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preface 


j ntn nom time to time a new- text-book is added to 

IH- already m the field. The present workAioiwever til 
-uteome ot the need of a text-book of very simple oXt 
«oi>secpiences should be knit together as 
^ " ■' — a need long- felt by the author in his teaeli- 

iu? Tn Tlie author has A-en- 

-ine, , therefore, to depart from the common usage which sub 

geology into a number of departrnents, - 
aiuctuml, physiographic, and historical, — arid to treat in im- 
^diate connection tvith each geological process the land forms 
md the rock structures which it has produced 

11 them hd o been so presented as to afford an efficient dis- 
'J-' “I'liictive reasonmg. Tyifical examples have been 

A 11 ‘,“1™'““ ”■" “ >»- !«■> the author’s^ 

\t ( lit piopoition to both the wide generalizations of our 
cienee and to tlie concrete facts on wdiich they rest 
Ihere have been added a number of practical exercises sucli 

. ^ doubt many teachers prefer to have their pupils solve 

;S; 2 is hoped, suggest 

neffi view is given of the develoi> 

If the Jsorth American continent and the evolution of 





L 


life upon the planet, "^ily the leading^Des of plants and 
animals are mentioned, and special attention is given to tlujse 
which mark the lines of descent of forms now living. 

omitting much technical detail of a inineralogical and 
paleontological nature, and by confining the field of ^-iew almost 
wholly to our own continent, space has been obtained to gi\o 
to what are deemed for beginners the essentials of the science 
a fuller treatment than ]:)erhap)S is common. 

It is assumed that field work will be introduced witli tlie 
commencement of the stud}-. The common rocks are therefore 
briefly described m the opening chapters. The drift also receives 
early mention, and teachers in the- northern states who liegin . 
geology in the fall may prefer to take up the cliapter on rhe" 
Pleistocene immediately after the chapter on glaciers. 

Simple diagrams have been used freely, not only because they 
are often clearer than any verbal statement, but also because 
they readily lend themselves to reproduction on the Ifiackboard , 
bj the pupil. The text will suggest others which the pupil 
invent. It is hoped that the photographic views may also lie • 
used for exercises in the class room. 

The generous aid of many friends is recognized with special 
pleasure. To Professor W. M. Davis of Harvard University there 
is owing a large obligation for the broad conceptions and lumi- 
nous statements of geologic facts and principles with which he 
has enriched the literature of our science, and for his stimulati.nu 
influence in education. It is hoped that both in suliject-matler 
and in method the book itself makes evident lliLs debt. P.ut 
besides a general obligation shared by geologists e^■er^■^v]lere. and 
in varying degrees by perhaps all authors of recent American 
text-books in earth science, there is owing a delit direct and 
personal. The plan of the book, with its use of proldems and 
treatment of land forms and rock structures in immediate con- 
nection with the processes which produce them, was submitted 








to Professor Davi^r^d, receiving his, approval, was carried into 
ehect, although mthout the sanction of precedent at the time. 
I I'ofessor Davis also kindly consented to read the manuscript 
throughout, and liis many helpful criticisms and suggestions are 
acknowledged with sincere gratitude. ■ 

^ Parts of the manuscript have been reviewed by Dr. Samuel 
Calvin and Dr. Frank M. Wder of the State University of 
^owa; Dr. S. W. Beyer of the Iowa College of Agriculture and 
Mechanic Arts; Dr. IT. S. Grant of Northwestern University 
_ Professor J. A. Uddenof Augustana College, Illinois; Dr. C. h! 
Gordon of the New Mexico State School of Mines; Piincipal 
Maurice Picker of the High School, Burlington, Iowa ; and the 
following former students of the author who are engaged in the 
earth sciences : Dr. W. G. Alden of the United States Geological 
Survey and the University of Cliicago; Mr. Joseph Sniff eu, in- 
struetor in the Academy of the University of Chicago, Moigan 
/ ; Professor Martui lorus. Fort Worth University, Texas ; 

^-^-L.essor A. M. Jayne, Dakota University; Professor G. H. 
.-^Bietnall, Monmouth College, Illinois; Professor Howard E. 

Simpson, Colby College, Maine; Mr. E. J. Cable, instructor in 
^ the Iowa State Normal College; Principal C. C. Gray of the 
High School, Fargo, North Dakota; and Mr. Charles Persons of 
the High School, Hannibal, Missouri. A large number of tlie 
diagrams of the book were drawn by Mr. IV. W. Wliite of the 
Art School of Cornell College. To all these friends, and to 
the many who have kindly supplied the illustrations of the text, 
whose names are mentioned in an appended list, the writer 
returns his heartfelt thanks. ' 
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July, 1805 



Biiriiigvtlie preparation of this book IVotVssor n 

it. p,.„ ,ri,h ... 1, 00, s 

^ s ,0 scope, the needs of the young student and not of the t^xDer-t 

III arrangement, the twofold divtsion (,£ tlie sid.iect ■ i 

ciuise of Its simplicity and effectiTeness. The i.rinciiilfs of o]!, i "^'i^ ’ 

geology come first ; the several chapters are arran'-ed in u le,i- ! ■ .k i 
to he a natural order, appro], riate to the givafid j,uri of o„i",.,",u!','trv 

throm Ir” t sequence of toj.ics ic-n'ls 

thumgh the whole subject. The historical view of the scicLc coi'nes 

second, with many specific illustrations of Ihe ],h\-sical processes rr 

1 ife .Iiaig;.. of as)>wt ,m<l if,, „f i.l, • 

to .vi I r.i* i"'™ •" •'■«»*». ...I .. '1 it 

to avoid overloading w'lth details. ' ' ' ‘ 

thaf^he Wh* T it "'-t not l:,e forgJtenr>>> ' 

that the te.vt-book is only one factor in good teachiim an,! that i b ''' 

the laboraton" and tlie ‘local 

tion in fi 1 nietliods, but it canuot ri.hL- obsirva- 

on m field or laboratory ; it offei-s certain exercises, but si, ace cannot 
le taken to make it a laboratory manual as well as a book fir stmlv • it 
explains many problems, hut its .statements are necessarilv more t,‘rse 
than the ilhistrative descrii,tions that a good an,l expm-ieiw.ed teielicr 

oidu that the student may come to see how reasunahli* -i . i •. 

geology and timt he may avoid fl.e t.io ee.mim. ....or of fli'iiihin./t'liit 

■ iiim. Ihe liirther extension of tliis metijod of 
IS urged upon the teacher, so that the young geoloidst mav alwiv ■ 1 - 
e evidence that leads to a conchision,''and not onlfthe cMic'lusion ifsilf! 


Haevabd University, C.ambeidge, Mass. 


W. M. llAVIS 


IliTTEODIJCTOEY XOTE 


ACKNOWLEDGMENT OP ILLUSTRATIONS 

Adams, Professor F. D., McGill University, Canada, 241. 

Alden, Dr. W, C., Washington, D.C., 353. 

. Aniericaii Museum of Katiiral History, A^ew York 344. 

Ash, H. C., Galesburg, 111,, 133. ’ 

Leyer, Dr. S. 1 \a, Iowa College of Agriculture, 303. 

Calvin, Dr. Samuel, Iowa State University, 45, 295 317 305 371 
Carney, Frank, Ithaca, K.Y., 356. ^ . 

Clark, Dr. Win. B., Maryland Geological Survey, 43. 

Borne, Dr. Georg v. d., Jena, Germany, 5, 6. 

Daly, Dr. B. A., Ottawa, Canada, 164. 

Defieux, C. A., Liverpool, England, 154. 

T Detroit Photographic Co., 235, 236. 

^• mh, W, M., Edna, Kan., 13. 

Fairchild, Professor H. L., University of Bochester, 141, 357. 

Field Columbian Museum, Chicago, 87. 

Forster, Dr. A. E., University of Vienna, 32. 

Gardner, J. L., Boston, 12, 140, 352. 

Geological Survey of Canada, 256. 

Gilbert, Dr. G. K., by courtesy of the American Book Company, 39. 

* Haines, Ben, New Albany, Ind., 33. 

* Haynes, F. J., St. Paul, Minn., 52, 05, 233. 

Henderson, Judge Julius, Boulder, Col., 94 . 

James, George ■\Vharton, Pasadena, Cal., 10, 127 , 215 , 229 . 

Jolinston-Lavis, Professor H. J., Beaulieu, France, 216. 

King, J. Harding, Stourbridge, England, 110. 

Lawson, Dr. Andrew C., University of California, 113. 

Le Conte, Professor J. N., University of California, 8 . 

Libbey, Dr. AYilliam, Princeton University, 92. 

* McAllister, JT. H., New York, 242. 

* iUeyers, H. C., Boise, Id., 10. 

Mills, Professor H. A., Cornell College, 208, 304. 



Iliiliiss' 

nil® 

liilil 





viii ACKXOWLEDGm'eNT of lUuSTRATIOKS 
*Notman Wm^& Son, Montreal, 

Oldham, dT’ r"'d ' GeoT'^ Technological Institute, Siberia, 73. 

* P-nT’ ^ ^"geles. Cal., 15. 

* -p^ ^ Arthur, San Francisco, Cal., 115. 

Ran, y m., Philadelphia, 18, 21, 122, 123, 218. • 

veusc Dr. Hans, Geological Survey of Rorwav ll-^ 

^iicpary L. A., Hinneapohs, Minn., 105. 

» c””] *TH ’ Ros Gatos, Cal., 186. 

houle Ihotographic Co., Boston, 131. 

C. S. (leoloffical Siii-fpv i o‘> o- o< 

;n. .5, 

, stilts A. 

F. S. Is'ational Museum, 14.9, 220, 221 222 ‘‘'>^>5 ‘^‘>0 

^ \alentine & Sons, Dundee, Scotland, 40, 136 ^ 227 ^"'“' * 

I rornan, A. C., Pasadena, CaL, 17 

* Sm’' p p'u' Establishment, Rochester, H.Y 15- 

* VUlch, R., Belfast, Ireland, 1, 37. . ■ i •, J o_. 

^Ustgate, Dr L. G., Ohio IVesleyan University, 60. 

y i ymper,^Edward, London, England, 106. 

II ilcox, M . D., Washington, D.C., 20 

* mL””' ?■ w' Y',°- ?l"“" ''““'■b «■ 

* ir 1 ’ T^’ ^ Scotland, 82, 213 

II orsley-Beni.son,r. 11., Cheapsto>v, England, 170.' 

* Dealer in photographs or lantern slides. 



Pagk 


Introductiox The Scope and Aem ue Geology ... 1 

PART I 

EXTERNAL GEOLOGICAL AGENCIES 

Chapter 

I. The WoiUv of the Weatheh 5 

II. The Woiuc of Ground Water 39 

in. Rivers and Yalleys 51 

lY, River Deposits 93 

Y. The Y^ork of Glaciers 113 

Yl , The Y^ork of the Yaind 144 

YII. The Sea and its Shores. . . . ' 1d5. 

Yin. Offshore and Deep-Sea Deposits 174 


PART IT 

INTERNAL GEOLOGICAL AGENCIES 


IX. Movements of the Earth’s Crust 105 

X. Earthquakes .... . . . . . . .... 233 

XT. You CANOES . . . 238 

XII. UNDERGROt,"Nr) STRUCTURES OF IgNEOUS OrIGIN . . 205 

XIII. Metamorphism and Mineral Yeins . . .... 281 


IX 



COST£_NTt5 


historical geology 


Chapter 


IHE UEOLOGJCAL Ee 
The PHE-CAMBurAN 
The Cambbiak 
The Obdovician axj 
1 HE De vox I AX 


XYIII, 


ABBOXiFEBOr 


so ZOIC 


index 





BLBMESTTS OP GEOLOGY 


O' deals with the rocks of the earth’s crust. It learns 
ir composition and structure how the rocks were made 
they have been modified. It ascertains how they have 
ight to their present places and wrought to their vari- 
^raphic forms, such as lulls and valleys, plains and 
s. It studies the vestiges which the rocks preserve of 
fgaiusms which once hihabited our planet. Geology is 

y of the earth and its inhabitants, as read in the rocks 

til’s crust. 

am a general idea of the nature and method of our 
dore beginning its study in detail, we may visit some 
di as that illustrated in the frontispiece, on whose 
■ocky ledges. Here the rocks lie in horizontal layers, 
oidy their edges are exposed, we' may infer that these 
mto the upland on either side and underlie the entire 
hey are part of the foundation of solid rock wliich 
3 IS found beneath the loose materials of the surface, 
ps of the valley of our illustration are of sandstone, 
tosely at the rock we see that it is composed of 
: grains of sand cemented together. These grains 




THE ELEilEXTS OF GEOLOGY 


xvirr 


ikde: 


these grains have had a history before tliey here fomid a restiii« 
place, — a liistory which we are to learn to read. 

The successive layers of the rock suggest that they were 
■ built one after another from the bottom upward. We may be as 
sure that each layer was formed before those above it as that 
the bottom courses of stone in a wall were laid before the courses 
wliicii rest upon tlieiB. 

T\'e have no reason to believe that the lowest layers which 
we see here were the earliest ever formed. Indeed, some deep 
horuig in the mcinity may prove that the ledges rest upon other ' 
layers of rock which extend downward for many hundreds of 
feet below the valley floor. aSTor may we conclude that the 
highest layers here were the latest ever laid ; for elsewhere we 
may find still later layers lying upon them. 

A short search may find in the rock relies of animals, such 
as the imprints of shells, which lived when it was deposited; 
and as these are of kinds whose nearest living relatives now 
have their home in the sea, we infer that it was on the flat sea 
floor that the sandstone was laid. Its preserrt jrosition liundreds 
of feet above sea level proves that it has since emerged to form 
part of the land ; wlrile the flatness of the beds shows that the 
movement was so uniform and gentle as not to break or strongly 
bend them from their original attitude. 

The surface of some of these layers is ripple-marked. Hence 
the sand must once have been as loose as that of sliallow sea 
bottoms and sea beaches todaj’, which is tin-own into similar 
ripples by movements of the water. In some way the grains 
have since become cemented into firm rock. 

Hoto that the layers on one side of the valley agree with 
those 'on the other, each matching the one oppt)site at tlie same 
level. Once they were continuous across the valley. IITiere the 
‘ valley now is was once a continuous upland built of horizontal 
layers; the layers now show tlieir edges, or outcrop, on the valley 
sides because they have been cut by the valley trench. 









the scope and aim of geology 

‘he fool ^ 

valley fa slooely iride.fot Th T ‘‘*™ “e 

ivill be avfaler fo re fotL ”"'™” “ ‘he paat , fa 

hav?s “rtw; ™ »' ™ 

lhai way to the river and the La "tfoorfo * ““ 

o! sand creeping down Gia n ' i ^^^gnients and grains 
^ . the.stream and'a^waslwl con.e witlnn reach of 

' and there they lodo-e *for t h water. Here 

but sooner or later thev are tnV ^ gravel, 

- of sand which were brouXtToTr 

form tlies(3 rocks nT*p nn ^ ^oriie ancient source to 

MB waahed along ‘the rocky iLITf fl ‘T 

and wear it clee”per. iLe * Lm L‘T'" “"'r ”“P 

«nd 2 “ “t;nXrfc .>0*4. progrri,. We 

rock,, and the land fo,n„ i whStw W i° 
the record of a long succession of ®oiilptured, 

origin of sand trains ‘ind H • changes luvohing tlie 

bottom of some'’'incienVf ‘feposit upon the 

soHd rocl, rnnST^ 2 

Jast of all the carving of a valley AnVeuplanr"^ 

..foaTrLi:.*: l?- t «« ■»«..- 

changes now in pro— iL “ ““J" slow 

pa,t.%,ver^LZ wl "o.ttr"' f*'h“b'-in the 
change, wlAl, ct.Blche. Lktrf ir^pr" f r'"”" 
into the future by which the f ! “ ^ forward 

the earth are ^ face of 

ecience which dLtrth ,M , destroyed. The 

tteat, ot the nalnLl , , ® fT’’ “ «««I«gy 

and within fa the • h®® now taking place upon the earth 
willnn fa, the agenctes which produce them, and tlie laird 
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THE ELEMEXTS OF 


OEOLOOV 


forms and rock structures wliicli result. It studies the rliamms 
of the present m order to be able to read the hist.,rv' of The 

earths changes in the past. " ' 

The various agencies which have fasliioned the face of the 
earth may be divided into two general classes. In l^-nt I we 
shall consider those wliich work upon the earth from ivitiiout 
sue 1 as the weather, running water, glaciers, the wind, and the 
sea _ In 1 art II we shall treat of those agencies whose sources aiv 
withui the earth, and among whose manifestations are volcanoes 
and earthquakes and the various moi'ements of tlie earth’s (•rust 
As we study each agency we shall notice m,t <,nlv liow itVlo’c' 
Its work but also the records wliich it leaves in tlie rock struc- 
tures and the land forms wl del i it produces. With this preimra- 
tion W.3 shall be able in Part III to read in the records of the 
rocks the history of our planet and the successive furm.s of life 
which have dwelt upon it. 





Part I 

external geological agencies 

CHAPTEE I 
’’ OS' the weather 

rj r r*- 

where the rocks are cruinliltc ^ aU lands. Ever 

ing down hiHsides to the stri^iTw 

streams to the sea, where they arp*^^'^i carried by tb 

W«n agai. th, nafa are litti fom”L“ae'“''^ 
l*«gin anew; agaui they will erumhloT 1 ^ 
and be washed by streams tn H ®^®PC' 

»( tim l„g evde of cC . «**" “ “ »” A 

gmto and deonr under the'notm 1 

■'OW a ferv outoon ' ' ?' L. studjin, 

»— ele .n?C' ^ Zrertir “ “ 

tliat the rock rvS^dirtW^kto'mr '*'*®‘* ™ ®"' 

%™ are k„„,v„ ae af,w„,and the^St 

Stratum may sometimes be split ore ro w 
- less degree these kr ^ ^-.-ater 

*k cue acroee t 

.... o 



liydK 
.t as i] 
Qi^'est 




exposed to view, its siTTf^A ^c- -n f wlieic the ruck is 

• grains are loose and may be mbbld'^ytith" thrSo^^ 0^ 
gentle slopes the rock is covered wifb o ^ ® 

otoue with calcareous cement, 
or a bit of old mortar, wMch 
is really an artificial stone 
also made of sand cemented 
•by lime, may be treated in a 


V , J «j.i.v.-aucu ill a 'j . ' i—l-L -I 

test tube with hydrochloric ' Fig 2 Section of /• 

acid to ilhotrato the t,„e« ' 


Seale, l in. = 30 ft. red jeskhml clav- 
HW, pitted surface of rotten limestoue- 
66 I mestone divided into thin layers: 
the^ l-f limestone,’ 

WW.“® ““-"ted 

wf ’i Is 56 thin- 

layered because originally so laid or 
beeanse^ it has lieen bi-oken up ’by 

lly«ed"”®’ once like othick^ 


'•xxv./v.Mixuiic; 

acid to illustrate the process. 

A limestone quarry. Here 
also we find the rock stratified 
and jointed (Fig. 2). On the 

quarry face the rock is dis- 
tmctly seen to he altered for 
some distance from its upper 
surface. Below the altered -d--... 

zone the rock is sound and is auarried fm. i- u t 

altered upper layers 'irc fnn o ff i t. ^^ulding* but the 

pc^cca 'L th:^r;t::Tifr. “s r “f *“■ 

sirr f “T" ‘ r 

fimlj- held tZ^riw r”'f° carbonate of lime aU 

stone PM TlZ^ fl ^ P»“= ‘Ic 

with brisk effervescence leav' acid dissolves 

escence, leaving the insoluble impurities, which 
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» 

were clisseiainated through it, at the bottc 
■iittle clay. 

^ We can now understand the changes in 

• le quarry. At the surface of the rock the 

pietely dissolved, leaving the insoluble re. 

leddish clay. Immediately below the clay 

in egrated nito meal where the cement bet- 

grains has been removed, while beneath tl 

split apart where the cement has been dissol 

planes of lamination where the stone is mon 

c langes in the rock are greatest at the sin 

downward we infer that they have been 

working downward from the surface. 

At certain points these agencies have bo 

than elsewhere. The upper rock surface is' 

widened as they approach the surface, and alo 

may find that the rock is altered even down t 

^ shale pit. IM us now lisit some pit 

aimnated and somewhat hardened clay i« 

manufacture of brick. The lamime of this fine- 

ho as thin as cardboard in places, and close 

tile rock into small rhombic blocks. On the 

note that the shale has weathered to a clav 

all traces of structure have been destroyed 

upper layers of the shale beneath it are i-eddisl 

m iiiany cases the color of the unaltered rock 

The sedimentary rocks. The three kinds , 

hose acqmuntanca we have iiiade-sandston, 

_ < 6 — are the leading types of the great groii 

nmir;f^ --™up includes nh roc 

hot tol settled eitlier in 

J>ottoms of rivers. Inkp.Q m. civ.. , 


c 



lUh VWRK OF THE WEATHEK 


of fragments, either coarse or fine — and fh. f. r - 

preciphater 

J-iie scaimentaiy rocks are divided 
position into the followhig classes : 

stone, quartzite, and 


common 


conglomerate (a ’rock 
of cemented 
lounded gravel or jteb- 
bles), 

2. The calcareous, or 
lime rocks, including 
limestone and a soft 
white rock formed of 
calcareous powder 
known as chalk. 

3. The argillaceous, 
or clay rocks, mcludhig 
muds, clays, and shales. 

Ihese three classes 
pass by mixture into 
one another. Thus 


*•*'■'.‘■<3 Fig. 3. Conglomerate 

of thnl'oncfglargroup 

ons rocks. TJiese are Dot i '^nstratified, or icjne- 

ta Of in wXr“n 1 ?. T r™‘‘“ s™. 

nn-sMs ivhidi nieetkln, «!» ° SMilta, the most conspicuous 

«Sn planes „Moh lefloot^he ibht ® 

Mica may be recnm,;.«ti i T v Paues of glass, 

aj recognized by its ghttering plates, which split into 




the elements OF GJiOLOGY 

tlmi elastic scales. A third mineral, harder thf 

ing along nregular surfaces like broken class 
quartz. a ■ , 

How granite alters under the 
he seen in outcrops where it fori 
rack, underlying the loose fo- ' 
many parts of the northern states 
pebbles more or less decayed 
of stony clay called the drift, 
posing granite, quartz alone re 
to detached flakes which have : 
crystals have lost their luster 
Crij ed to clay. ^Vliere long-wt 
Hy rock, it often may be cut 
feet from the suiface, so rotten : 
is seen to break down to a claye 
and flakes of mica. 

These are a few simple fllustrations 
winch some of the common Muds of ro. 
cies by wliich these changes are brouj 
take lip iincler two divisions, — ehe 77 i\ 
rock decay and meclianicnl agencws i 
^ration. ^ 


weather may 
K, or country 
irmations of the surface, and in 
- — J where granite bowlders and 
may be found in a surface sheet 
Of the different minerals 
mams unaltered. Mica weatherif 
lost their elasticity. The feldspar 
and hardness, and even have de- 
Jathered granite forms the coim- 
with siiade or trowel for stuTual 
LS the feldspar, and here the rock 
y soil containing grains of quartz 


'KK OF Water 

ram it has already absorbet 
lie acid gas) and oxygen. Ah 
mies what is termed ground 
1 the sf)il humus acids and 
constantly being generated 
3r. So both rain and ground 
Lemieal agents, by the help 
Mid decompo,se all' rocks to 
ice now' three of the cliief 



WEATHER 


^ icmieal processes concerned in weatlieiin' 
toruiatK)!! of carliouates, and, oxidation. 
Solution. limestone, although so little aff'e( 

that five thousand gallons would be needed 
gle pound, is ^ easily dissolved in water chai 
dioxide. ^ In limestone regions well water is 

Oii boiling the water fnr .QATVIQ J.T 1 


™ iunwecl by vveathering, Montana 

ed, the whole of the lime carbonate can no longer be held 
imon andmmch of it is thrown down to form a crust or 
^ in Ahe^ kettle or in the tubes of the steam boiler. AU 
! which flow over Hmestone rocks or soak through them 

nstantly engaged 111 dissolving them away, and in the 

1 trsu 

11- . ,-Uiface of hmestone rocks becomes deeply pitted 
s.nv in le imestone (piarry, and where the mantle of 
us been removed it may be found so intricately furrowed 
IS dliilciilt to traverse tFig. 4) 
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seeping dissolved, by 

composed of hydrated sulnLat / (^ypsim, a mineral 

be scratched .^hthe Sf' f it -ay 

g-ng to the wl oftSrai " 
difficult to remove. ^ peculiar hardness 

-Ji‘o,t:“:j“!;“l"»‘"» - ““ «• »-b.. ,».b. 

». .nd ».po,!d oCldSr P“ ■““ ■'»- 

each monument marks the year of Tr’ Z ‘^at the d»i^ 

n‘a..y years on the average it has taken' 7 “’°^ ^s^^atehS- 

grains on the polished surface so tli t'^+i '"'eathering to loosen fine 
finger, to destroy the polish to ro , rubbed off with the 

.to,., W. ,„J do,., I, e 

—P‘dly on the sunny or the shad V si 1 S'^^restones weather more 

n. ,...h„.d »rt„‘ „VS, f!','. “ "■« “o- « tt. top. 

them standing in relief. As the shtlls Z T ‘'°"*^biing shells shows 

of lime, we may infer wheth rth ^ 

Its granular or in its crystalline conduS" bi 

doe^ more than^LrelyTffim tlmm f attacking minerals water 

tteto, ,0,^,, .e, X:; r*:rh ? 

are among the most important. Thirfl 1“ carbonates 
msoluble silicate of alumina t. i®i'%ar consists of the 
siHcates wliich are broken un 1 certain alkahne 

«tes a« taely soMeT?™ dir, oarbon- 

fel*p« tbm is left the Stol ,1 ' 

OP tylmW. in the cenStS^”! ‘'T"*’ "* "«o' 

white and pure ig known ag 1/r 7 ^ Polucli, when* 

ftctaP ot pereelain. FeZ^t. “ «'» ->"i 

conipomuis thug weather to whiligh e„,L ! ? " “ ™‘ 

oound c,*lg 0, ftldgp^. « 
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under Hie microscope, may be seen to be milky in color trough- , 
out because an mternal change to kaolin has begun. - ' 

Oxidation. . Eocks contahiing compounds of iron weatlier’to 
reddish crusts, and the seams of these rocks are often lhied 
with rusty hlms Oxygen and water have here united with the 

nun, forming hydrated iron oxide. The effects of oxidation may 

be ^eeii in the alteration of ^ 

many kinds of rocks and in 
I§.4^nd yellow colors of soils 
'tind subsoils. 

Pyrite is a very hard mineral 
of a pale brass coloi-, found 
ill scattered crystals in many 
rocks, and is composed of iron 
and sulphur (iron sulphide). 

I-'uder the attack of the weather 
it takes up oxygen, forming 
iron suli^liate (green vitriol), a 


Fio. 6. Bowlder split by Heat and Cold, 
Western Texas ’ 

soluble compound, and insoluble hydrated iron o.xide, which as a 

we e placed smue_ years ago on the lawn in front of the National 

vitrior^ ‘“'Syu. The mineral changed so rapidly to green 

ground to HllTha compound was washed int^ the 

ground to lull the roots of the surrounding grass. 

Agents of Mechanical Disintegration 

Heat and cold. Eocks exposed to the direct rays of the sun 
become strongly Ireated by day and expand. After sunset they 
a pidly cool and contract. Wlien the difference in temperature 
between day and night is considerable, the repeated strains of 
H? contraction at last become greater than 

' IOC vs can bear, and they break, for the same reason that a 
gla&s cracks when plunged into boiling water (Fig. 5) 

Eocks are poor conductors ofjreat. and hence'^their surfaces 
may become painfully hot under the full blaze of the sun, while 





Ml 




^ O. Jiqwiclers scaling off under Heat and Cold, 

?i&fl_aud wliich therefore contract and exi-) 
ratios In heating and cooling these gi-ahis cix 
neighbors and tear loose from them, so that 
disintegrates into sand. 

The conditions for the destructiv 
are most fully met in arid region 
for lack of sufficient rain. The 
hy the roots of plants is blown 
ing the rocks bare to the blazinj 


■e action of heat and cold 
dien vegetation is wanting 
J not being held together 
away over large areas, leav- 
Lg sun in a cloudless sky. The 
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air IS dry, and the heat received by the earth by day: is there- 
tore rapidly radiated at night into space. There is a sharp 
and sudden fall of temperature after sunset, and the rocks 
strongly heated by day, are now cliilled perhaps even to the 
freezing point. 

In the Sahara the thermometer has been known to fall 131° E 
withfn a few hours. In the light air of the Pamir plateau in central 

tllZT 7" --ded from seven o’clock in the 

to one o’clock in the afternoon. On the mountains of south- 

’ of thnt T T crackling noises as the rocks 

' ,ncl ^ “ inch to four 

^ apart' Desert "in ^°'''iders split 

lait. Desert pebbles weakened by long exposure to heat and cold have 

een shivered to hne sliarp-poiuted fragments on being placed in sand 

heated to 180o_F. Beds half a foot thick, forming theTol^T ^ 

stone quarries in AVisconsiii, have been known to buckle and arch and 
bleak to fragments under the heat of the summer sun. 

post. By this term is meant the freezing and thawing of 
water contained in the pores and crevices of rocks. All rocks 
are more or less porous and all contain more or less water 
in their pores. Workers in stone call tliis “quarry water,” and 
speak^of a stone as “green” before the quarry water has dried 
out. Water also seeps along Joints and bedding planes and 
gathers in all seams and crevices. Water expands in freezing ten 
cubic inches of water freezing to about eleven, cubic inches of 
ice p water freezes in the rifts and pores of rocks it expands 
pth he irresistible force illustrated in the freezing and breakino- 
of water pipes in winter. The first rift in the rock, perhaps too 
narrow to be seen, is widened little by little by the wedges of 
successive frosts, and finally the rock is broken into detached 
blocks, and these into angular cliip-stoiie by the same process. 

It IS on mountain tops and in high latitudes that the effects of frost 
are most plainly seen - Every summit,” says Whymper, “ amongst the 
ock summits upon which, I have stood has been nothing but a |)il^p 
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ients” (Fig. 7). In Iceland, 

•tig id lands large areas are 
o which the rock has been 

gents. We must reckon the 
the agents wliicli break rod 
in its search for food and moistiir 


in Spitzbergen, ir 
thickly strewn witi 
shattered by frost. 

roots of plants and 
ks into pieces. The 
*e inserts itself 
__ — into some rnj 

lift, nnd as it gTows 
slowly wedgei^tlie 
rock apart. ' 
Moreover, the ' 
ncids of the root cor- ., 
rode th.e rocks witli 
»i:: which they are in 
contact. One may 
sometimes find in 

C3 . ^ block of 

mst, Summit of the t j. 

itzerland limestone wrapped 

..... ^ hi a mesh of roots, 

■ httle furrow where it has eaten into 
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The pupil may explain ' ' 

In what ways the presence of joints and bedding planes assists in the 
n hy It IS a good rule of stone masons never to lay stones on ed-e 

but always on their natural bedding planes. ■ ’ 

Why stones fresh from the quarry sometimes go to pieces in early 
C-^unhip-^"' months remail 

^ «oors 

. ' Why laimnated limestone should not be used for curbstone 

_V^ hy rocks composed of layers differing in fineness of grain and in 
atnjs of expansion do not make good building stone 

the watowlS they' 

tlie water which they contain from readily draining away are more apt to 
hold their poms ten elevenths full of water than are rocks wiose por^ 
WP®T’- more likely to be injured by frost? 

of t '"r /!f temperature changes, a dm-k rock or one 

of a light color ? the north side or the south side of a valley ? 


The Mantle of Eock Waste 

We have seen that rocks are everywhere slowly wastiim 

^^tey chssolve and decompose under the chemical 

actron of water and the various corrosive substances wind i 
contos, leavmg tW, insoluble rmdues m r»d„l ckvs LS 
sands upon the surface. As a result there is everywhere^form- 

covers the land. It is well to 


• . , ■ wvcis uieiana. ft is well to 

imagme how the country would appear were tliis mantle with 

formed ®“aped away or had it never been 

; surface of the land would then he everywhere of 
hare rock as unbroken as a quarry floor 

0l ae T 

whicli •? ''"'f “tich on the rate at 

■li It is constantly being removed as on the rate at wliich 
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more slowlv tLa > ■ ^ waste is carried away 

Georgia, the rocks are completely rotted fo 'Atlanta, 

surface, while the beeinninir® n/a ^ hundred feet from the 

inpih. inpto. '.rrrCixri^ •“ 

of four hundred feet. ® is decomposed to a depth 

rf ' 

the W eilenl. The country ^.Tot’ wUa ‘! ■'"oved to 

With about ten per cent of insolnK] • / • • ^ limestone 

then, was that ^portion of i^^^pmities. At least how thick 

the clay? ^ has rotted down to 

Distinguishing characteristics of residual wac^^ w 

learn to distinguisli waste formed in place bv tl ^ * f ^ 
weather from the produetq of nfi ^ 7 ^ ^ ^etion of the 

waste in E-U- 

from the surface WaQta -na r distances 

ito sM^d to waTr cx.:r 

The limestone contains nodules of flint i^mestoue. 

been by the decay and removal of thS 

residual layer of clay and flints has been leftTpontl 

a form of quartz, dull-lustered, usually gray or blackri h 

orrS^rthf “f " 

eIayeallei;^:L".^:T^^^^^^ 

of sand, pebbles, and bowlders composed of miuvri-ff g’^anis 

mposea of many different minerals and 
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rocks that the country rock cannot furnish. Hence the drift cannot 
lave been lormed by the decay of the rock of the region. A shlle or 
luestone, for example, cannot waste to a clay containino- granite neb 
bles. The origin of the drift will be explained in subsequent chapters ' 

thJw are due more to their soluble than to 

tl.cu msoluble constituents. The latter are few in number and 
aie much the same m rocks of widely different nature, beim-' 

, . lefij quartz, sihcate of alumina, and iron oxide. By the 
removal of their soluble parts very many and widely different 
, j.c vs lot down to a residual clay gritty with particles of quartz 
itind colored red or yellow with iron oxide. 

_ In a broad way the changes wliich rocks undergo in weatlier- 
mg are an adaptation to the eimronment in which they find 

frimriWr^ at the earth’s surface, — an environment different 
- - n that in which they were formed under sea or under ground 
11 open air, where they are attacked by various destructive 
agents, few of the roek-makmg minerals are stable compounds 
except quartz, the iron oxides, and the silicate of alumina; and 

qio ^ ^ +1° comparatively msoluble sub- 

stances that most rocks are reduced by long decay. 

chemical decay? 

vhich a thicker mantle In what respects would you expect that tL 

c“ouutls iJetlT^'^ T ™ 

countries like Alaska, and in deserts such as the Sahara? 

The soil. The same agencies which produce the mantle of 
waste are conthnially at work upon it, breaking it up into finer 
and hner particles and causing its more complete decay. Thus 
mi the^ surface, where the waste has weathered longest, it is 
gra ually made fine enough to support the growth of plants 
and IS then known as soil. The coarser waste beneath is some- 
imes spoken of as stilsoil Soil usually contains more or less 
dark, carhonaceous, decaying organic matter, called humus, and 
iH then often termed the humus layer. Soil forms not only 
on waste produced in place from the rock beneath, but also on 
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«»““ “idT*sri‘rf :'^ “' »' "■" » 

on the rooks from which waste is beillglomeL^ Why?" than 

Any fresh excavation of ceUar or cistern, or cut for road or 
way, will show the characteristics of the humus layer. It 
uy form only a gray film on the surface, or we may find it a 

in^^iiluaHy above, and gsow- 

into^hl subsol T “ ''' iiisensible gradatioi* 

eontinntllv fo • vegetable matter ' 

a '«> 

tomZaS “rAT'' ’’’1 “* 

vrvnfc 1 2 . about by several means Th^ 

sSuiSrSH?; 

sue' SUio “1 

contribute to its enrichment ThZ o ■ i . “le waste and 

w cuiicnment. JJie_animaIs livinu- in tlip m-nnin 
cIo much in other ways toward the niSdm. of soil 

“r riiru 

anl'^hey ItSe'untogrould Tal^es ^>7 ch 
which .hot:. ruUrfP 

cc,»i,l„.bl. l»*.l. hill., of 


w- 4 'S. 
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-ant constructs runways of eLh aboTth ^ 
from the base of the tree o le tnu . J 

central Africa explm!^: 0^ the platean.^ 

. w ,41..™!“ 

earth used in their construction is mott i t nmd. Each gram of 

, nr 
'“‘i;trrn5n~ 

. fesi irn£F"“ " 

.. rnrrnnrrr 

estimated by Darwin that in * •‘^“rtace of the ground. Itjas- 

.Will tnat m many parts of Erio'lanfl 

acre, more than ten ton«! of Pnvfii r ^ every 

and are brought to the surface, andTha/Zy t^yetl 
layer is t: -.zs worked over by them;: ‘ ^ 

enShei “riT-rirtr 1 “r •*"“ *‘"*i “>I 

mg.«Uei.te fa broLw “ fte r? .“l 

»n • 

avv,;:™ to nie™ im ''“‘r 

The tail, „„ the r ta, r tain ,' 

rr r..“* ™rfr:: 

are able to live upon the earth. ^ 

thfa iirni rn "m n“'‘“ *“ 

ztiVn »' ^ZiZiZ “vipi” 

and a„i.tals *nri “JS ““ ‘° 

View it at a g.ota o, „nd° ''■ 


- suiTounded 


t / 


V.: 
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by two mobile envelopes: the envelope of air,- atmosphere; 
and the envelope of water, — hydrosphere. Under the 
action of solar energy these envelopes are in constant motion. 
M ater from the hydrosphere is continually rising in vapor into 
- 16 atmosphere, the air of the atmosphere penetrates the hydro- 
spiere — for its gases are dissolved m all waters, — and both 
air and water enter and work upon the solid earth. By their 
action upon the lithosphere they have produced a tliird enverope, 

tile mantle of rock waste. 

This envelope also is in movement, not indeed as a whole, 
but particle by particle. The causes which set its particles in 
motion, and the different forms which the mantle comes to 
assume, we will now proceed to study. 

M9I5MIINTB QE-imE.JilANTLE OF EOCK WASTE 

At the sandstone ledges wliieh we first visited we saw not 
only that the rocks were crumbling away, but also that grains 
and fragments of them were creeping down the slopes of the 
valley to the stream and were carried by it onward toward the sea. 
Tins process is gomg on everj-where. Slowly it may be, and 
with many mterruptions, but surely, the waste of the land moves 
downward to the sea. We may divide its course hito two 
parts, — the path to the stream, wliich we will now consider 
and Its carriage onward by the stream, which we will defer to 
a later chapter. 

' The chief agent concerned in the movement of 

waste IS gravity. JEach particle of waste feels the unceasiim 

downward pull of the earth’s mass and follows it when free to 
jo so. All agencies which produce waste tend to set its particles 
free and in motion, and therefore cooperate with gravity. On 
cMs, rocks fall when wedged off by frost or by roots of trees 
and when detached by any other agency. On slopes of waste, 
water freezes m chinks between stones, and in pores between 
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“t “0 pi»t« 

^ the „h.dr„p., drive le»rm„ if ? ““ »' 

■ those wliich are downhill / V 
On the whole the^f r^ 
the mantle of’ waste, block I 17 “ 

■ along the downhill jjath. ^ % gTaui, creeps 

.. ZT ^ 

t ; 

s “ “ri's ;:; %- — «■= 

£:S=F-“r="“— 

. quRe absent, because removed 

in Wales seven lumdreH nst the tnalls of an abbey built on a slope 

uphill side to a depth of selln^Jet 

often dammed by fences and w^n i «h®et of waste is 

few years so as to I! ow “ J “P^h eide gathers waste in a 

side, 'especially in plowed fi'n" 7 downhill 

by ^getaholf ^ the movement is least checked 

siopeidfrodv* there is usuallj to be found a 

(Fiir 8) Sued ' i S wuch clearly have fallen from above 
(f ^ 8). _ Such a heap of waste is known as tah^. The amount 

I frte m;77 r its formZ 

the rate of rts removal. Talus forms rapidly in climates 



mMM 




ii* 



wueiG mecimmcal .disintfigmtioa k ,^here rocks 

cie leadily broken into blocks because closely iointed and 
tta.ly WM „U.e.. than Maaai™, wl«,eVe 7 “ ^ 
uiMgh to be detached m fmgmeiits of some size instead of i, 
o gianis. Talus is removed slowly where it decays slowly 
ither because of the chmate or the resistance of the rock. It 
liiay be rapidly removed by a stream flowing along its base, 
lu a moist climate a soluble rock, such as massive limestone 

tilr;S Jd 

nrw r 1 1 ^ climates, where unprotected by vegetation 

the base. Chf s of sucdL, slow.de.cakng rod as quartzite and 

,ianite wlien closely y,inted accumulate talus, in large amounts 

Talus slopes may l-e so .steep as to rea anffk of repose 
1.U the steepest aiigk at wliich the niaterial will lie. This 
angle varies with different materials, beuig greater with c.n.nr.«a 


■^S^dslopes. lYllfilS-J-acks Jffiather. Fie. 9. Diagram ilk 
iter than their waste is carried away, Betreat of c: 

3 waste comes at last to cover all rocky ^ 

■ges. On the steeper .slopes it is coarser and in more i 
wenient than on slopes more gentle, hut mountain sides 
._s and plains alike come to be mantled with sheets of v 
ich everywhere is creeping toward the streams. Such 
Iven slopes, worn or huilLto,.the least, incHnation at w^ 
waste supplied by weathering can be urged onward' 
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Fig. 10. x\ Landslide, Quebec 

Tjiese TOsImig torrents of snow sweep their trneh« r.l -e 
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seepuig water underground. The waste slips on 
face thus lubricated and plunges down the moun 

swift roaring torrent of mud and stones. 

We may conveniently mention, here a second 
where masses of solid rock as well as the me 
aie mvolved in the sudden movement. 

Suph slips occur when valleys have . 

been rapidly deepened by streams or , 
glaciers and their sides have not yet 
been graded. A favorable condition 
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^’0- ey. A lake, gathered behind this 1 

overtopped it in a little less than S^^'^dually rising until it 

dam then broke, and a terrific rush of of the 

wave which, twentymilesaway role one i i ^ 

A narrow lake is still held by the st. “ height. 

I« 1896, after forty dl "ff *^^0 dam. ^ 

into the Yangtse Riye, in Chi^f ^ sandstone slipped 

“ Afr* “<* “«“»s jo^Tiu: »' •»•-■ .. 

tandre/L’ hfsI't^rVh/trdtto^ *"? “ d«. eisfc,, 

cover it to a depth of six • 

hundred and sixty feet. 
Ihe barrier is not yet en- a- 
tirely out away, and several 
lakes are held in shallow 
basins on its hummocky 
surface. 

A slide from the 2 ^re- 
cipitous river front of the 
^ ^ fj'^del hill of Quebec, in 

Bo^dto^~^YWeatWir da.shed across Cham- 

<d«nT Cp.A,u,M«*.,hS.g“““ * 

In lofty mountain ranges there nmv , r 10). ' 

Its traces of landslides, so common there is without 

'’•“■'“S *" s^d. o™„4 
Kook SoDiprmu! by Wbathebko 

e are now to consider a few of tbo f • 
masses are carved by tlie weather ™ 

Bowlders of weathering. In nmnv y ■ ^ 

see that the blocks Jo wMcn i f ™ 

0 Which one or more of the uppermost 
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layers have been broken along their 

joints and bedding planes are no 
longer angular, as are those of the 
layers below. The edges and corners 
of these blocks have been worn away 
by the weather. Such rounded cores, 
knoyvn as bowlders of weathering," 
are often left to strew the surface. 

Differential weathering. This 
term covers all cases in which a rock 
mass weathers differently in differ- 
611 1 portions. Any weaker spots or i*aclo 
kyers^ are etched out on the surface, leardng 
in relief. Thus massive limestones become 


Tio. 14. Honeycombed Limestone, Iowa 

weaker portions. In th 
^ey are formed, moisture gathers, a littL 


weather drills out the 
once th 

vegetation takes root, and thus they, are further enlarged untS 
tile limestone may be deeply honeycombed. 
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On the sides of Cl 
strata are exposed, 
the softer weather bt 
harder layers above them. 
cliff makers and the latter 
Differential weathering 
of tlie land. Areas of weak 
area^ of hard rock adjacent a 
lidges, as in the valleys and n 
&it in such instances the low 


anyons, and elsewhere where the edges, of 
larder layers project as ehfl’s, wliile 
’ covered with the talus of the 

It IS convenient to call the former 
slope Quctkers (Fig. 15). 

« plays a large part m the sculpture 
I'ock are wasted to plains, while 

tre still left as hills and mountain 
lountaius of eastern Pennsylvania, 
•ering of the surface of the weaker 


i w. 1(5. A Small Mesa, Hew Mexico 

lock is also due to the wear of streams, and e 
removal by them from the land of the waste w] 

protects the rocks beiieatli. 

' different cau.se 

beds of loose sand, are soft and easily worn by rains 

■ one and gyp.suni for example, are soluble. Even bar 
_ e v ea un er the attack of the weather when they ai 
y joints and bedding planes and are thus readily brofo 

by mechanical agencies. omw 

Outliers and monuments. As cHffs retreat un 
ot the weather, portions are left beliind when 
more re.sistant or where the attack for any reason 
oiicn remnant ...... r 
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flat-topped, because of the protection of a resistant 'horizontal 
capping ayer, they are termed (Kg. 16), _ a term applied 
also to the flat-topped portions of dissected plateaus (Fio; 12 91. 
Imtreatmg eliffs may fall back a number of miles behind their 
outliers before the latter are finally consumed. '' 

^ Monuments are smaller masses and may be but partially 
detaclmd from the cliff face. In the breaking down of sheets 
'Of horizontal strata, outliers grow smaller and smaller and are 
reduced to massive rectangular monuments resembling castles 
■* Cl'ig- 17). The rock castle falls 
into ruin, leaving here and there 
isolated tower; the tower 
: criiinbles to a lonely pillar, soon 
^ * to be overthrown. The various 
and often picturesque shapes of 
monuments depend on the kind 
of rock, the attitude of the 
strata, and the agent ‘by which 
they are cliiefly carved. Thus 
pillars may have a capital formed 
of a resistant stratum. Monu- 
ments may be undercut and 18 . Undercut Monuments, 

. * come to rest on narrow pedeS” Colorado 

tals, wherever they weather more rapidly near the ground, either 
because of the greater moisture there, or — in arid climates— 
because worn at their base by drifting sands, 

^ stony clays disintegrating under the rain often contain bowlders 
whioli protect the softer material beneath from the vertical blows of 
raindrops, and thus come to stand on pedestals of some height 
(tig. 19). One may sometimes see on the ground beneath dripping eaves 
pebbles left in the same way, protecting tiny pedestals of sand. 

Mountain peaks and ridges. Most mountains have been carved 
out of great broadly uplifted folds and blocks of the earth’s 
crust. Euiming water and glacier ice have cut these folds and 
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Pig. la Koosevelt Column. 
Idaho 


Uoqks mto masses divided by deep valleys; but it is by the 
weather for the most part, that the masses thus separated^L 

ten the pneeent „( the mdivM„“^ 

^ and .ridges. 

Frost and heat and cold sculpture 
high mountains to sharp, tusklike 
peaks and ragged, serrate crests, 
where their waste is readily remoVed * 
(Fig. 8). « 

I lie Matterhorn of the Alps is a fa* 
mous example of a mountain peak whose ‘ 
carving by the frost and other agents is 
m active progress. On its face “ scarcely 
a rock anywhere is firmly attached,” and 
the fall of loosened stones is incessant. 
Mountain climbers who have camped at 
Its base tell how huge rocks from time 
to ime come leaping down its precipices, 
ollowed by trains of dislodged smaller 
lagments and rock dust; and how at 

Irnwi’ course of the 

from*tT^ ^ sparks which they strike 

om the mountain walls. Mount Assini- ^ 
mT;, CFig. 20), resembles the 

. ji has been cai-ved 

An erosion pillar 70 feet hig-h. “T the .same agencies. 

How was it produced? Why ‘‘The JSTeedles ” of Av* 
quadrangnlar? What does h amnlps.f v ^li^on a are ex- 

show as to the recent height of r ^ mountain peaks in a 

the hillside surface? Ja™ and region sculptured chiefly by 
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Fig. 20. Mount Assiniboine, Canada 

may at first be sculptured by the weather to savage 
181), but toward the end of their life liistori^ thev 


mountains 
peaks (Fig. 


Fig. 21. Big Round Top and Little Round Top, 

Gettysburg, Pennsylvania 

to rounded hills (Fig. 182). The weather curve, 
be seen on the summits of low liills (Fig. 21), is 
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^ representing a cabie block of stone whose faces 

yard square, how many square feet of surface are exposed 
gather by a cubic foot at a corner «; by one situated in the r 
of an edge i; by one in the center of a side c? How much 

Gie btocf? ^ sh 


anc cooperation of various agencies in rock sculpture. For 

0^6 sake of clearness it is necessary to describe the work of each 
geological agent separately. We must not forget, however^ that 

m a „„ 

esult IS the outcome of a long chain of causes. Thus, in order 
that the mountain peak may be carved by 
” ■ agents of disintegration, the waste must 

^ j ^■®'P^'^b'i'eiQoved,~awork done by many 

j Qgents, including some which we are yet to 

_J L [ X study ; and in order that the waste may be 

Eig. 22 removed as fast as formed, the region must 
, , nave been raised well above the level of 

Cftcctiielj. Tlie sculpture of the rocks is accomplished only bv 

the cooperation of many forces. ' ' v nj 

The consbmt removal of waste from the surface bv c-een 
and wash and carriage by streams is of the highest imnoi^ 
tance, because it allows the destruction of the lancUy meanrof' 
weathering to go on as long as auv 
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on the rocks of the land surface. Similar records we shall find 
Iniried deeply among the rocks of the crust in old hoils and in 
rocks pitted and decayed, telling of old land surfaces lono* 
wasted by the weather. Ever smce the dry land appear^ these 
agencms have been as now quietly and unceasingly at work 
upon it, and have ever been the chief means of the destruction 


Fig. 23. Mount Sneffels, Colorado 

Describe and account for what you see in this view. What' chano-es may 
the mountain be expected to undergo in the future from the agencies 
now at work upon it ? 


of its rocks. The vast bulk of the stratified rocks of the earth’s 
i eiiist is made up almost wholly of the waste thus worn from 

ancient lands. 

In studying the various geological agencies we must remem- 
l>er the almost inconceivable times hi which they work. The 
slowest i)rocess when multiplied by the immense time hi which 
^ it is carried on produces great results. Tlie geologist looks upon 
the land forms of tlie earth’s surface as monuments which 
I' record the slow action of weathering and other agents during 

i of the past. The mountahi peak, the rounded hill, the 
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wide plain which lies where liiUs and monntaius once stood 
tell clearly of the great results which slow processes will reach 
when given long time hi wliich to do theh'work. We should 
accustom ourselves also to think of the results which weather- 
hig whl sooner or later brhig to pass. The tombstone and the 
bowlder of the field, which each year lose from their surfaces 
a few crystalline grains, must in time be wdiolly destroyed. 
The hUl wliose rocks are slowly rotting underneath a cov(?tf“ 
waste must become lower and lower as the centuries ancf piil- 
lenniums come and go, and will finally disappear. Even tlie 
mountains are crumbling away continually, and therefore are 
but fieethig features of the landscape. 
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CHAPTEE II 

the woric of ground water 

‘ ' imd waters. We have seen how large is the part that water 
plays at and near the surface of the land in the processes of 
•weathering and in the slow movement of waste down all 
.sloijes to the stream ways. We now take up the work of water 
y as it descends heiieath the ground, — a corrosive agent still, 
and carrying in sohitiou as its load the invisible waste of rocks 
derived from their soluble parts. 

Land waters have their immediate source hi the rainfall. 
Ly the heat of the sun water is evaporated from the reservoir 
of the ocean and from moist surfaces everywhere. Mingled as 
vapor with the air, it is carried by the winds over sea and land, 
and condensed it returns to the earth as rain or snow. That 
part of the rainfall which descends on the ocean does not con- 
cern us, but that which falls on the land accomplishes, as it 
returns to the sea, the most important work of all surface 
geological agencies. 

The rahifall may be divided into three parts : the first dt-zes 
U]}, being discharged into the air by evaporation either directly 
from the soil or through vegetation; the second rum 0/ over 
the surface to flood the streams; the third soaks ra the ground 
and is henceforth known as ground, or undergrozmd water. 

The descent of ground water. Seeping through the mantle 
of waste, ground, water soaks into the pores and crevices of 
the underlying rock. All rocks of the upper crust of the earth 
are more or less porous, and all drink in water. Imioervious 
rocks, such as granite, clay, and shale, have pores so minute 
that the water which they take iu is held fast within them Lv 

.99 
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capillary attraetioii, and none drains tlirou'di ■ 7 

M kigo timl water altera tlirougli them mem or tea, 

besides Its seepage through the pores of pervious roehs w'u 

ST,‘» ‘'-■0%'k «» ioteteU^Lt:, s 

dll lucks near the surface are broken. 

...lizitix?!™™ .Tri^fo/Tte niri"' ‘ “ o#* 

»< - • wcxi: 



I-.,, aeaarara ttea grorra.-water aratf 

m ^ Water is constaiith’ 

seeping downward 
under gravity, it is 
evaporated in the 
wastel and its inois- 
tiire is ca.rried up- 
ward by eapillmty 
and the roots of 
plants to the surface 


f the Relatio.1 of the 

ihter iSurffipp tn c j? 

Groiuicl to tlie Surface of the 


to he evaporated in the air Tn wot to the surface 

losses are luore than mile k , T""' 

part of t],e rainfall winch soaks into ke I" ' 

water surface rises. ^ 8'i'<atnd- 

Iij moist climates the ground-water surface {Fi. on y 

Umji tho.,8 of the hil’ls ,„<] liteys* 'i,f T” ? ii'Uiiiiitinu 

wwte,. ira.: 'ri ;:a;r,:rrf“^ 

tion Ls constantly imneded ]»v -l eircula- 
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Sink soon after a rain to the level of the deepest vail 

the region. 

^ Wells and springs. Excavations made in permeable 
below the ground-water surface fill to its level and are ] 
as wells. Where valleys cut tliis surface permanent streai 
formed, the water either oozing forth along ill-defined ai 
at definite pomts called sprmgs, where it is ooiicen 
by rhti structure of the 

rocks. A level tract 
wliere the gr(:)uiitl-water 
.surface coincides with 
the surface of the 
groimd is a swamp or 

By studyi.].ig a spring 
one may learn much of 
the ways and work of 
ground water. Spring gT 
water differs from that 
of the stream into r^h 
wdiich it flo ws in several ' ’ 

respects. If we test tlie 
spring with a ther- 
mometer during succes- 
si\ 6 niontlis, we shall find that its ten 
tlie same the year round. In summer it 
tlie stream ; in winter it is warmer and 
the latter perliaps is locked in ice. Th; 




FiCr. 25. A Spring, Kansas 

Is the rock over wiiicli the spring discharges 
pervious or imjiervious ? 
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differs from tlie stream 
dissolved rock, 
various minerals 
so small that they 
the water of 


.eariies:,.,'a:.:far :: larger: ....load. ; of 
pro\^es that streams coiitaiii 

in solution, but these are usually iir quantities 
a,ie not perceptible to the taste or feel. But 
_ sprnigs is often well charged with soluble minerals ■ 

in Its slow, long journey underground it has searched out the sol- 
uble parts of the rocks through wliich it seeps and has dissolved 
a nmch of them as it could. Wien sprhig water is boiled Jt^ 
the invisible _ load wliich it has carried is left behind, and in 

the soluble mgredients of the countiy rock. Although to some 
extent the soluble waste of rocks is washed down surface slopes 
1} the rain, by far the larger jiart is carried downward \)y ' 
ground water and is dehvered to streams by springs. ^ 

-Mumlrbouate (the 

magnesium carbonate also. Such waters are'" Im.-d>7XuW i™!." 
mg, the nnnerals which they contain combine with the fatty a il of' 
soapto form msolubie curdy compounds. When springs rise ImitcH 
ooiitaining gypsum they are hard with calcium sulphate. In Granite 
regions they contain more or less soda and ! 
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downward tlirougli the waste mantle and any permeable rocks 
on which the mantle rests, as far as the first impermeable layer, 
where the descending movement of the water is stopped. The 
deep zones of Jlow 
occupy any pervi- 
ous rocks which 
^ m^^ be found be- 
lowtlie impervious 
lay^erWhich lies 
^ .Clearest to the sur- 
face. The upper 
zone is a vast sheet 
of water saturating’ 



Fig. 26. Geological Conditions favorable to 
Strong Springs 

a, limestone; 6, shale; c, coarse sandstone; d, lime- 
stone; e, sandstone; /, tissure. The strata dip toward 
the south, (S. Redraw the diagram, marking the points 
at which strong springs {ss) may be expected 


the soil and rocks and slowly seeping downward through their 
pores and interstices along the slopes to the valleys, where in 
part it discharges in springs and often unites also in a wide 
underfiowing stream which supports and feeds the river (Eg. 24). • 


Fig. 28 


Fig. 27 


Fig. 27. Diagram of Well which goes diy in Drought, a, and of Unfailing 

Well, 6 

Redraw the diagram, showing by dotted line the normal ground-water surface 
and by broken line the ground-water surface at times of drouglit 

Fig. 28. Diagram of Wet Weather Stream, a, and of Permanent Stream, h 
Redraw the diagram, showing ground-water surface by dotted line 

A city in a region of copious rains, built on the narrow flood plain 
of a river, overlooked by hills, depends for its water supply on driven 
wells, within the city limits, sunk in the sand a few yards from the edge 
of the stream. Are these wells fed by water from the river percolating 
through tlie sand, or by ground water on its way to the stream and 
possibly contaminated with the sewage of the town ? 



THE ELEMENTS OF GEOLOGY 


At what height does underground water stand in the wells of vour 
region Does it vary with the season ? Have you ever known wells to 
go djy . It may be possible to get data from different wells and to draw 

1 . nigi am showing the ground-water surface as compared with the sur- 

tace of the ground. 

Fissure springs and artesian wells. The deeper zones of flow 
le m pervious strata which are overlain by some impervious 
stratum. Such layers are often carried by "their clip to 
c epths, and water may circulate in them to far below tbeCvel 
0 the surface stream.s and even of the sea. men a fesure 
crosses a water-bearing stratum, or water is forced'*- , 

FEET , 

— "v h 


4000 


1000 


ufT South Dakota from the Black Hills to Si,,,^ 
i alts (S), illastrating the Condition.s of Artesian Welts 

-uie spang. A bormg winch taps such an aquifer is known 

^ tills kind have been long in use. The rise of 

fissure springs also denends 

on 1 1 « toUomiig oonditions illustrated in Fitjure 29 Tile aouifei 
tip o»ari the region o( the wells t.nnr higher ground w W 
h outcrops and receives its water. It is inclosed lietu- 

'vater-loggld ; 've“ 

beneath. The weight of the column of water thus h,cl„.a'i 
■le aquifer causes water to rise in the v'eU jireciseiv n^tri' 
weight of the water in a standpipe forces it in eonnecLrpil s 
to the upper stones of Iniildings. ^ ^ 
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rt ‘?:'“ r-f- 

rainfall? Illustrate with dia^ms ’ 

..f Jimird^ Jwe ^ 0 't 

;..piT,„ th^Po res "““t Tn'""' 



i'lG. 80. Diagram of Caverns and Sink Holes 

:t,r r " «« ^ 

<its lie, ” ’“J- ■»'' ““ ™- »'»htt.». 

■■“k “ it* rtn.ct.rlB,e 

■ e» oirculslioi, of giwmd „ter ovithin it by tie Mr of ,11 
* , \ ®‘’*titiou and wear luitil the uplaod i, lioiiev 

rer - --™t 
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^ s a c r o s s t h i 
iijnestone uj^Iand o: 
central Kentucky one 
wst, Austria nieets but three sur- 

,, face streams in n 

mllej^snrface water finds its way u„der- 
• ^ These are pits, commonly funnel 
ome n percolating 

yye portion of the roof of a cave. By 
e niay come to be filled by a pond. 

' legion with its drainage largely sub- 

^I^valeyenofthesea, Sink Lli “ e 


' of -ch|mf,e"'rs' arid wiLiL'gaU ‘“"i 

a«4i;h as thirty mhe^^oS r^^ "'^r >- 

width of about stoy feet aiiTo '''^'' ^“y mUes long has an average 
the great halls S lfe hu^d f of 

solid arch of limestone one hundrerfe'd overhung by a 

different levels are connected by well ® the floor. Galleries at 

two hundred and twenty-fiye fee^ from f ^ f K T”® measure 

the lowest of these tunLirflt* B .r p through soi^ of 

and wearing away the rock wliile ""I diss^ng 

surface as a great spring. ^ ^ appeiw:^ the 

k„?.'"™SLt 7 b 7 wMir’“®^ ““ »' ‘’'o'" 

lo™ .ud the Jr teilT <“ !•'* 

PTy"" ~ , ®tvay through them. 

C round water 
stands lowand wells 

must be sunk deep 
to find it. Little or 
110 surface water is 
left to form brooks. 
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common j and many of them 
mark the point of issue of i 
beneath the sea. Silver Sp] 
basin eight hundred feet wide" 
gable for small ste 
surface str 

Karst 

Moiitenegro, lies a 
hon||ycombed by the sol- 
V e i on of w a ter. 

here forests have been 
cut from the mountain 
sides and the red soil has 
washed away, the surface 
of the white limestone 
forms a pathless desert of 
rock where each square rod 
has been corroded into an 
intricate branch work of 
shallow furrows and sharp 
ridges. Great sink holes, 
some of them six hundred 
feet deep and more, pock- 
mark the surface nf i.ha 


upied by lakelets. G]*eat si 
nd streams, while some rise 
Ting, one of the largest, discharges fr 
and thirty feet deep a little river 

tamers to its source. About the spring there ai 
•earns for sixty miles. i 3 ai 

<Vlong the eastern coast of the Adriatic, as far sou 
belt of limestone mountains singularlv worr> 


ys come ’ euueigTouna fc^tream issuing from 
at mils 

rivers which occupy the valleys plunge into dark 
ir some miles away. Ground water stands so far 
that it cannot , be reached by wells, and the inhabi- 
•ain water stored for household use.s. The fine-st 
the Adelsberg Grotto, is in this region. Aar.st, the 
this country, is now used to designate any region 
sculptured by the chemical action of surface and 
must remember that Karst regions are rare anri 
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r? '* “ ■- 

.Wy ».j.i„i a„.g,, .„ ,,1,„ '»•»■ 

Lven wlieixgatherediiito Hpfitii'f^ni % iocks in othei regions, 
the erosive power of surfle str^. "'ater does not have 

development of surface streams his been ref f/' 
to a large extent the leyeJino- noHn ' f < . t cir prevented escape 

therefore stand higher than^'the sun° waters, and piay 

«on.bed by Luray V' country. The hill H|new 

.1 aj Ca. ei n, \ u-g,„ia, has been attributed to thi,**!e 

r t/'' 4 < — — from tliG ji'oof 

of caverns; 
lime carbonate 
whicli it lias 
taken into so- 
lution from the 
layers of lime- 
stone above is 
deposited by 

evaporation in 
the air in ieicle- 
pendants 
oalled stah(c-‘ 

Tiu. SS. S(alactite.s and Stalagnuil^arenlT™ A«tlie 

Oavern, Indiana " drops spla.sh on 

ave built up in the same w-iir fu- i ' floor there 

.AV'hich may grow to join the st-tlarty^^'^'^r^ 

A .slaingmitic crust often seMs w "’P'^Oorming pillars. 

yemnulates in oaterirs, togeth I with\y^^^^^ 

■J-lIers, either animals or\nen, it . 

drops are often hollo w^rhl??’’ by the drip of single 


49 








•the work op ground AV'Al^ 


r; :;;■ r: fri -sv™.* 

“;:,r f “r “■ 

ice^b and fisfeuies, forming mmeral veins. Thus helow tlie 
, -ne 0 solution where the work of water is to dissolv^ li s ' 
-J.^ementation where its work is chemical deposlk A r!:: 

■ .'d of waste is thus transferred from rocks 

... '^1 ' 10 surface to those at greater depths 

■ As tlie land surface is gradually lowered hy weatherin-. ami 
, IB ivork of ram and streams, rocks which have 

Thurih ''■itliin the zone of solution 

-I u there are exposed to view limestones, whose crack ^ 

Idled with calcite (crystallized carbonate of lime), with qtintz or 

wrrr.i;“;LT„rficr “ "■'i' «»«« 


Cavity filling. Small cavities in the rocks are oftor, r j 
less eomnlefoUr -fiiu -i -u • . aie otten iound more or 

«. ^ ..»> in 

.«.r a.. jr;;; 1 r"' “ 

calleT ? *'^^»unated_ throughout them into nodular massel 

, concietmns. Thus silica disseminated through limestone is 

CZ g-des grow from the olide 

auLs concretions grow ontward.s from the center. Nor are tliev 
rmed m already existing cavities as are geodes. In soft cZ 
tietions may, as they grow, pres.s tlie clay aside. In many otheJ rocl-s 
curTi process of replacement. Molecule by mole- 

in its ir of the concretion substituted 

nation i s 1 may in this way preserve intact the knii- 

hnes or other structures of the rook. Clays and shale.s often 
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contain concretions of lime carbonate, of iron carbonate, or of iron 
sxilpliide. Some fossil, such as a leaf or shell, frequently forms the 
ai’ound which the concretion gTows. 

'are,, building stones more easily worked when “green” than 
after their quarry water has dried out? 



Fig. 34. Concretions in Sandstone, 
Wyoming 


Deposits of ground water in arid regions. In arid lands where 
ground water is drawn by capillarity to the surface and there 

evaporates, it leav^ as 
surface incrusttluS^s the 
minerals held in solution^ 
White 1 i 111 y i n c rust a- 
tions of this nature cover 
considerable tracts 
in 11 0 r t h e r n M e x i c o. 
Evaporating beneath the 
surface, ground water 
may deposit a limy 
cement in beds of loose 
sand and gravel. Such 
firmly cemented layers 


are not uncommon in western Kansas and Nebraska, where 
they are known as ‘Muortar beds.” 

n Thermal springs. While the lower limit of surface drainage is 
sea level, subterranean water circulates much below that depth 
and is brought agam to the surface by hydrostatic pressure. In 

many histances springs have a higher temperature than the 
average annual temperature of the region, and are then known 
js thermal , springs; In regions of present or recent volcanic 
activity, such as the., Yellowstone Kational Park, we may believe 
that the heat of ...therma,! springs is derived from uncooled lavas 
perhaps not far below the surface. But when hot spiings occur 
at a distance of hundreds of miles from any volcano, as in the 
case of the hot sprmgs of .Bath, England, it is probable that 
then waters have risen .from the heated rocks of the earth’s 
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«f Bath i, 
above the aveiuge aiimuil tei 
assume that the rate of increase 
here the average rate, 1° p. to ei 
luay cuiielude that tlie sidings of ] 
of forty-two hundred feet. 

I'S ater may descend to depths 

Of this deep-seated water may be 
steam of volcanic eruptions. 


•4>- 


no. 35. Calcareous Deposit from Hot Springs, Yellowstone 
iNatioiial Park 

Surface deposits of springs. Wlierp c5nKfras.r*n 

exposure to luineralsirsoluti 

ai' the spring"'' 
nr if solution either because of coolino* 

tiiotiik u"" ''“'S®'' "“li®® pressure with o- 

dioxide from subterranean sonrco.« a.,n „i„ 
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limestone 

; oks tlirough. wlue]i they pass. ( )u ,eachii,»' tl,e surface the 

own down in deposits called travertim.) 'Ih^ gas is some- 
times Withdrawn and the deposit produced in large^mrt by the 
no algie and other humble forms of plant life. 

Yeltl^'r the Gardiner Pdver 

^■•r - * rr rxf r r- -- 

luuMrdlet'urthefaltey^^^ height of fourteen 

waters flow. Such are uounOvIvT their 

Hihca IS soluble in alkaline waters, especially when these are 

la\ns ft siliceous rocks such as 

lavas often deposit silica in a white apoimy formati u V 

as both by evaporatimi :?d ty 

-oce winch secrete silica from the waters. It is hi this wav that 
tiiB cones and nioimds of the ^-eYsers in tlip VpII f ' at 
P ark fiml in Tnaio 1 1 . m i ellowstone National 

^ haYe been formed (.Fm. 2341 

Vv here water oozes from flip pctrin 
a rusty deposit on tho i , * ««« may sometimes see 
upon the water The perhaps an iridescent scum 
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solution by ground water from soil , i 
changed to tlie insoluble oxide r. ‘ ^ 

■ the air. ' the oxygen of 

their downward progre^il tri/T " the surface, where 

bottom of bogs and shallow lakes iron^rr-^**^ i«ipervioiis clay. At the 
depth of several feet. sometimes accumulate to a 

Hecaying oiganic matter plays a laro-e part in tK i 
presence the insoluble iron oxides whkh til i 
yellow rooks are decomposed lea vino- fl V red and 

and the soluble iron compoluls wldcl '°n 
K effects seen where redTr vellot T °«t, - 

tiecaying tree root. bleached about some 

about a chalybeate aptiul'! but^oet ol"' *1 oxidized, as 

p.a»>uo. of .„b„„ dioxil: ;„’ “i i! , «>' “ “4 1« >be 

bog, It may b. depoeiled .p, i,„„ cbouaC” ‘ 

watoK now di nndeiStonnd 

- gain Z IL" T’ 

:‘r ‘““r- “o « “ 

in them nmat he eonlpletoly™ erd*'b™?i ®‘'‘' P»»> 

ipaeitv. toihr^ w irjtti:? “r f.““ “* 

average pete apace „t the roeka above a le“th rf aktS “t 

SgS “I'ErSiE”* ““ 
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RIVERS AND VAXLEYS 


The run-off. We have traced the history of that 
the rainfall which soaks uito the ground ; let us nov 
that pai-t which washes along the surface and is kin 
run-off. Fed by rains and meltmg snows, the run-( 
into courses, perhaps but faintly marked at first, r 
more definite and deeply cut channels, as twigs their 
a humid climate the larger ravines through which t 
flows soon descend below the ground-water surh 
springs discharge along the sides of the little vallevs 
manent streams begin. The water supplied by the ra 
loms that part of the rainfall which had soaked hit( 
and both now proceed together by way of the stream t 

River floods. Streams vary greatly in volume during 
At stages of flood they fill their immediate hanks, o' 
them and inundate any low lands adjacent to the clu 
stages of low water they diminish to but a fraction of 
lime when at flood. 

At tunes of flood, rivers are fed chiefly by the ru 
times of low water, laiwJv nr . 
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rise ” is produced by the heavy rains of 

loy-s in July and August, and streams are againTwolL t^ 
degree under the rains of autumn. m swollen to a moderate 

The discharge of streams. The per cent of roir,# n V 
by rivers varies with the amorrat of nuoMl,™ ST 

drainage area, the texture of the rocl-« o„ -1 /i ^ of the 

ear ..rnual rahriail hit, i^oL “ t “1 f ” '“‘“T 
pet cent is discharged ; while wift TrZuiTT^^' “J" 
only filleon pet cent is dischar"ed part of "the” "f*” 

A mmrbir of the t.e™ “"‘• 

Pot dtschaygc 

■»« » steep slopTs ritr,t,."e 

or one abounding in marshes and nondeV r ' ^ region 

Will there he . h ^ ^ ’wifrozen oroundv 

a season of drou«i ®r‘XT7*’°" 

, amount of preeSl'L - 
Hig vegetation, from .Tune to August, or during tL 

eo frir^h; X? sr ,Cd:,::r “t'r 

Streams therefore are not fed by sprinoB,' ' 
hut instead lose volume as their waters’ 
soak into the thirsty rocks over which 

witer^rr'tl ^“^tnbute to the ground Em. so. Else of Ground- 
watei of the region instead of being in- Water Surface (broken 
creased by it. Being supplied chiefly by beneath Valley 

the run-off, they wither at times of drought ^ 

dij while at- long intervals rains fill their dusty beds with 
-Iden ragnig torrents. Desert rivers therefore \ieiiodicIlly 
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shorten and lengthen their courses, withering back at times of 
drought for scores of miles, or even for a hundred miles from 
the point reached bj" their waters during seasons of rain. 

The geological work of streams. The work of streams is of 
three kinds, — transportation, erosion, and deposition. Streams 
tramport the waste of the land ; they wear, or erode, their chan- 
nels both on bed and banks; and they deposit portions of their 
load from time to time along their eoiu'ses, finally laying it 

down in the sea. Most of the work of streams is done at times 
of hood. 

Teansportation 





The invisible load of streams. Of the waste which a river*^ 
.transports we may consider first the invisible load which it carries 
in solution, supplied chiefly by sprmgs but also in part by the 
run-off and from the solution of the rocks of its bed. More 
than half the dissolved solids in the water of the average river 
consists of the carbonates of lime and magnesia; other sub- 
stances are gypsum, sodium sulphate (Glauber’s salts), mao-- 
nesium sulphate (Epsom salts), sodium chloride (common sah) 
and even silica, the least soluble of the common rock-makin:^^^ 
mmerals ]he amount of this invisible load is surprisingly ^ 

OoTonn 1'" transports each year llA; 

000,000 tons of dissolved rock to the Gulf. 

The visible load of streams. This consists of the silt which 

the stream carries ui suspension, and the sand and gravel and 

larger stones which it pushes along its bed. Especially in times 

of flood one may note the muddy water, its silt behig kept from 

settling by the rolling, eddying currents; and often bv placino- 

his ear close to the bottom of a boat one may hear the datter 

rumb e of h ^7 """" ^ “°«“tain torrents the 

lumble of bowldei-s as they clash together mav be heard some 

distance away. Tlie amount of the load which a stream can 

transport depends on its velocity. A current of two thirds of a 


f. 
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mile per hour can move fine sand, whde one of four niHes per 
hour sweeps along pebbles as large as hen’s eggs. The trans- 

portmg power of a stream varies as the sixth power of its velocity. 

If Its velocity is multiplied by two, its transporting power is 
multiplied by the sixth power of two : it can now move stones 
sixty-four times as large as it could before. 

Stones weigh from two to three times as much as water, ami in water 

lose the weight of the volume of water which they displace. What 
fuopoition, then, of their weight in air do stones lose when submerged ? 

Measurement of stream loads. To obtain the total amount of 
.^^wnste transported by a river is an important but difficult matter. 
Ihe amount of water discharged must first be found by multi- 
plying the number of square feet in the average cross section of 
the stream by its velocity ixu- second, giving the discharge per 
second in cubic feet. The amount of silt to a cubic foot of 
•water is found by filtering samples of the water taken from 
different parts of the stream and at different times in the year 
. and drying and weighing the residues. The average amount of 
silt to the cubic foot of water, multiplied by the number of 
cubic feet of water discharged per year, gives tlie total load 
carried in suspension during that time. Adding to this the 
estimated amount of sand and gravel rolled along the bed, 

^ which in many swift fivers greatly exceeds the lighter material 
held in suspension, and adding also the total amount of dis- 
solved solids, we reach the exceedingly important result of the 
total load of waste discharged by the river. Dividing the 
volume of this load by the area of the rivep basm gives 
another result of the greatest geological interest,— the rate at 
which the region is being lowered by the combined action of ^^^^ ^ ^ 
weathering and erosion, or the rate of denudation. 

The rate of denudation of river basins. This rate varies widely. 
The Mississippi basin may be taken as a representative land 
surface because of the varieties of surface, altitude and slop% 

... 
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climate, and underlying rocks wliicli are included in its great 
extent. Careful measurements show that the Mississippi basin 
is now being lowered at a rate of one four-thousandth of a foot 
a year, or one foot in four thousand years. Taking this as the 
average rate of denudation for the land surfaces of the globe, 
estimates have been made of the length of time required at this 
rate to wash and wear the continents to the level of the sea. 
As the average elevation of the lauds of the globe is reckoned 
,at 2411 feet, this result would occur in nine or ten million 
years, if the present rate of denudation should remam unchanged. 
But even if no movements of the earth’s crust should lift or 
depress tlie continents, the rate of wear and the removal of : 
waste from their surfaces will not remain the same. It musr" 
constantly decrease as the lauds are worn nearer to sea level 
and their slopes become more gentle. The length of time 
required to wear them away is therefore far in excess of that 
just stated. 

The drainage area of the Potomac is 11,000 square miles. The silt 
brought down in su.spension in a year would cover a square mile to the 
depth of four feet. At what rate is the Potomac basin being lowered 
from this cause alone ? 

It is estimated that the Upper Ganges is lowering its basin at the 
rate of one foot in 823 years, and the Po one foot in 720 years. Why 
so much faster than the Potomac and the Mississippi ? 

How streams get their loads. The load of streams is derived 
from a number of sources, the larger part being supplied by the 
weathering of valley slopes. We have noticed how the mantle 
of waste creeps and washes to the stream ways. -Watching the 
run-off during a rain, as it hurries muddy with waste along the 
gutter or washes down the hillside, we may see the beginning 
of the route by which the larger part of their load is delivered 
to nvers._ Streams also secure some of their load by wearing it 
from tlieir beds and banks, — a process called erosion. 







Co 

.IM-® tlieir beds chiefly by means of 
- the stones of various skes and the sand and 
•hich they sweep along. With these tools i 
I asp the rock of their beds, using them 


Streams 
* load,— 
mud w 
grind, and 

fashion of sandpajDer ( 
Weathering of riv( 
greatly helped by the 
. water more or less of t] 
heat and cold, joints 
. are opened, rocks 
are pried loose and | 

broken up and made 

ready to be swept | 
away by the stream | 
at time of hood. ^ 
Potholes. In I 
rapids streams also ... 
drill out their rocky | 
beds. Where some f 
slight depression ^ 
gives rise to an 
eddy, the pebbles which 
round, and, acting 
drical pit called 


Fig. 37. Pothole in Bed of Stream, Ireland 

gather m it are wliMed, round am 
like the bit,, of an auger, bore out a cyclin 

f - ^ pothole) Potholes sometimes rearii n rlpnfi 

of . „o„ feet Who„ they .feWoMuriheV aid S 

.JiaUj m decpeofeg a* chamiel. aa the wdla 

.worn away and, .they coalesce. 

effective means of erosion which 
the river possesses is the waterfall. The plunging water dis 
edges ataea from the face of the ledge oL tvhich *t p„„t' 

St, tSr“sitT“n “ * "’“■I’ “ it’ tao' 

once attei slice is thus thrown Howr. n 
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Whirlpool 


% Whirlpool 
I Rapids 


i3 | cliffy and the cataract cuts 

;| its wa,y upstream leaving a 
I gorge behind it. 

I Niagara Falls. The Mag- 
I ara Paver flows from Lake 
Trie at Buffalo in a broad 
channel which it has cut but 
a feAv feet below the level of 
the region. Some thirteen 
miles from the outlet it 
filuuges over a ledge one 
hundred and seventy feet 
high into the head of a nar- 
row gorge which extends for 
sc\ cn miles to the escarp- 
ment of the upilaud in which 
the gorge is cut. The strata 
winch compose the upland 
dip gently upstream and con- 
sist at top of a massive lime- 
itone, at the Falls about 
ughty feet thick, and below 
f soft and easily weathered 
I If “Oale. Beneath the Palls the 

' shale is cut and 

washed away by the descend- 

? , I X retreats also 

because of weathering, while 
T' 0 . 38. Map of the Gorge of the f Overhanging limestone 
^■agai'a Kiver down in huge blocks 

Niagara is divided b^^ p r t i ^0 time, 

and the American Falls The f Horseshoe Falls 

current a, rij fit tT' “ ■“« 

ei, and from the semicmcular sweep of its 


^American Falls 


Horseshoe/ 

FaJls^ 


T' 0 . 38 . Map of the Gorge of the 

^s'lagara Kiver 
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"X;t“Ltrrpo“ fSeie'T 

<l«pa Here tire ,0,^0 thf fc 1 “* ‘™ 

abeut the Men blocks of •“ move 

vation of . the .hale or/h Td^ 

lesser branch of the river whicb fl Falls the 

aide 01 Gent Island, isenr. Vrte sSrf a“® ““ 

upon a high taltns ol limnstoe ul, , , , “■* ‘■’’“b* 

„r ‘ r ™'”"“ 

«» He:“hVS Zed ““ 


*'“■“■ 'o>"SrMin,IS.ctlo„„, Banana Z 
““*• B, m.: X. „PM., w. wIMpJ,. Z 
-^v, north; south * ’ 

same period. We cannot doubt that tbo . 

IS now lengthening the coro^e at th,-« -n 
its entire length of seven mlle^ 

While Niagara Falls have been cutti.ur k i 
miles long and from two hundred to n ^ 
the river above the Falls has eroded its f ® deep, 

level of the upland on which it flows ufe aTf ^ 

are the outlets of lakes t]iA w streams which 

01 sedinrent. as fr“"' “ mSIT” , 

'vUoh to abrade its bod. We m^'SfZ “T “ ““ 

«« 1-er J 2 Z «r'rbM r:r''“ 

American and HoiShoe Mh combined volumes of the 

now is the mouth 
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i« a single instance, by the relnt;! ! T accounted for, except 

The deeps do ’no! ^ield t^t fo ”7 f'f ^ -- 

at the present time. When the <rm ' ' Horseshoe Falls 

how did the Falls compare in exJ^ T* ^^‘‘‘hows, 

with the Niagara of to.day? How didThf 'f 
times compare with the present rat «9 *® of recession at those 

rapid impossible" tosoiL^ ^rdettM ^^‘l tumultuous 

feet. From what data 00^1^ 

Suggestareasonwhyth^T ^ 

At the present rate of recesZiTyhic^^^-^ir® upstream. 

Island the sooner, the American or the ft” ^ 

be the fate of the Falls left bet, in 1 ff“'seshoe Falls? What will 
the head of the island ? Passed beyond 

nap oTtllodist.^^^^^^ itToJs^S 

nel more rapidly on massive or on thin 
on horizontal strata or on strata steeplyticHnedJ 

Deposition 

many delays en route. Now and is subject to 

picked up later and carried some wT^ aside, to be 

One of the most strikm; -D 

waste accumulated along its course i <^^erefore is the 

channel, beneath its bed and in "flo ^ islands in the 

All this al/unum. to use a ^eneraW 
with which the valley is cumbf i deposits 

It is only temporarily laid aside*”! ®®n • 
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carrying the material 
e up a one point some distance on downstreain before 
depositing it at another. 

by slackening currents whore 
^he velocity of the stream is checked, as on the inner side of 

c™, and where the slope of the bed is diminished, and in the 

projecting points of land. How 
^ g 1 IS the check reipiired to cause a current to drop a large 


y?SS»%,-r4rf , 




l4Ci’ - 


sand Bar deposited by Stream, sho^ins Cress Beddi.w 

fr ■» 

must drop ,11 th„e of iJ-gTJJ “ “"»■ »"<> 

wli'rfll*i"/r *‘ **“'■ "' ■“ "“Jf wli«» liBine or 

-=s.ssrr;rs“~ 
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kijers and valleys 
ljuilt lias been sorted and deposited in Livat- t 

-ome of liner and some of coarser matmia '' The's T 
of running water depends on the fact tlvV f f 

power varies with the velocity. A ctrent th 

velocity compels it to diminisliing 

It from the gravel carries it ota ri i separating 

time BWer “unehrii^Y ‘ i "Me «t o lata- 

«ml. mal -ati l “ , “ T“ 8'™' “ >V™ ot 

I„Y“ „t mt. -Tf “ 4e.. of 

!»,va does not depad on thoYel!ritYI“dV*'“ 
instance, are floated on to tP a i" ’ wood, for 

the mosl rapid ^ - - 

«hotThariSrmtd'of kve"^ ^ bar exposed at low water may 

downstream as ^ C 1 T ’ r^"' 

matoid. r,„,n f ^ °M" as the a ngle 

boat anchored over ■■-••■•■■■ ■ — — 

the lower end of a 42. Jtongitudiual Section of a River Bar 


■ , " ^ ^tjcuon Of a .Kiver Bar 

«rj«0.t: ^d“T “Yxr Td" 
ft r “ * <Y' 

Urn ba.- m.;, VoYl “"-o “»« 

•tlvanoe doL st™ m, ] li ““ “‘‘’"■'J' 

it ao.mtit«rrr"ir w : **f ^ “«•>. 

surfaces are about horizontal 'L'^ll^bnfof' rivei 
■may often see a vPi+iVd • nver banks one 

b«at in timl; 

or rounder] Tv T >^’om 

bottom theY*»ftenYr'‘Ydr“' 

they rubbed agahist one another and theToTk)TLTf\he rtrLT 


J- 
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Eict. 43. Water- Worn Pe 

in a current of water betw 
of oak, the process requirin| 
found that in the upper reac 
than a mile is sufficient to ro 
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smallest rivnkt*'to amt*o™he S^t 

explainable “ *“ 

the trunk stream at a level • ^ tiibutaries jom that of 

break in the bed at the pi, “T “ ”? -^ereent 

natural consequenees tvhich must fol W ^,0 f"? , •'* 

, been worked upon by streams r.n l ^ has long 

been suggested which is competent to n 

systems whil drS them -er 

they are not gaping fissures in the eartirt 1 

Srru7on 'Sam^ ''' ^^^ter ht 

successive stages, each of whl“ ^ 
features. We may therefore Pln« -f ^ characteristic 

■ ing to the amgo tlS tSr W " TT ““"I- 

from infancy to 071 a^ ^ “ “r life hiatory 

Younff Mver Valleys 

Infancy. The Red River of the North A • • 

Minnesota and tlie adjacent portions of North DaSr 
so recently covered by the waters of ^^amtoba was 

Agassi., that the surLe reram! T ® Lake 

was drained away. The flat floor s a 

•till . plain, ,0 tL L ilfll'S ‘T"' ““«• “ 

a. north and it. tLohi ™ „ 7""‘ *“■ of 

Sided and shallow, not exceedinp- channels, steep- 

differing little from the general slopes\f th^ “■ gradients 

have hut few tributaries • the river streams 

limbs, is still undeveloped’ AW th ^ ®"'’ hke a sapling with few 
gullies are slowly lengthening headwarTs lit 
are sometime to become large branches ’ 








are as yet but little s 
er lingers in ponds in 


-r 40 . A y oiing River, Iowa 
Note that it has hardly begun to cut a valley in the plain 

unit on Winch it flows 

To express regions of faint relief a contour interval of 

^mountainous regi 

feet r 1 ’^“midred, or even 

may be necessary in order that the contours nr 
crowded for easy reading. ooniours uu 

^ mether a river begins its life on a lake plai 

the'Sa*' f: 

,®ea or oil a spread of glacial drift left by th 

continental ice sheets/ such as covers much of Can 

norta^^^ of the United States, its infantd 
seiits tlic same characteristic featiTT^c 
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feato of f "e perhaps the most obvious of these fleethi^ 

is oou r^;- «hort-Iived, for their destructio^ 

soon accomplished by several means. As a river system 

S tStrib^r^-*^ maturity the deepening and extending valleys 
of the tnbutaries nivade the undrained depressions of its 

Lakes having outlets are drained away as their basin rims a"e 


l-'i-i. 40. .V Young Drift Region in Wisconsin 


Describe this area. How high are the him 9 a *, 

po.sitioii as would be left by stream erosion 9 "r? * of and ' 

state and notice that the Fox River finds ® ^e entire 

the Wisconsin empties into the Mississinni D ^4iile 

divide here shown between the Miss^««i ® ?®“''it'e that portion of the 

Which is the larger riffrthe ^“^renee systems. 

. equal, which may be eipS to'd"' “ ‘'i! • O^er thingLeing 

What changes are'^^ihelylfottl^entL rapidly? 

at a lower level than the other i> Whf i “ “ ’rers comes to flow 
already ? ^ >rave not these changes occurred 




cut down by the oiitflownw strPuiTi« o d 
rim is of hard rock but ®^o^F'ocess where the 

«ch as gUcU dHti * 

Lakes are effaced also by the fillmo- of tb«,v ^ ■ t ^ 

mg streams and the ivash of min. b d '’ ^ 

the shore and strew Zfl> ^^'^ves abmde 

Shallow lakeaare oft&i fill T ^ake bed. 

Does the outflowing’ stream from a ru 
this fact affect its erosive power on hard 
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i^aJre (xeneva is a well-know: 
ation.^ The inflowing Rhone . 
lake for a length of twenty in 

the high Alps. For this distai 
an ^alluvial plain, which has gi-, 
a half .since Roman times, as ] 
a Roman port now stands. 

How rapidly a lake may be 
conditions is ilhnstrated by the f 
lake, of thirty-five square mile 
behind the great dam across the 
Rn-er at Anstin, Texas, sedimer 
nine feet deep gathered in seven 
Lake Mendota, one of the mai 
f ul lakes of southern Wi.sconsin 
cutting back the soft glacial dr 
sliores by means of the abrasi. 
waves. While the shall 
broadened, it is also beii 
waste ; an 
vegetation 


exceptionallj favorable 
bottom of the artificial 


broadened and 
M ave Wear 

^ lake surface ; 
initial shore ; 
waves; 6, fin 
rial taken from a 

nearer when it will be so si 
wmrk of its eftacement. 


V Lake well-nigh effaced, Montana 
means is the lake bed being filled 




Along the margin of a shallow lake mosses, water lilies 

tlmJir P^-ts grow luiirianth i: 

Uieir ctecaymg remains accumulate on the bottom, the ling ol 

maisli broadens inwards, the lake narrows gradually to a small 

pond set 0. the o.aot o, a „iUe b.,,, 

All stages m this process of exthiction may be seen amoim 
the countless lakelets which occupy sags in the recent sheets 


* -■•.vci.m.uw , f5coT,iana 

Explain its origin. What wiIU.e its future? 

of glacial drift in the northern c,tntoc . i 

the lakes which stdl rerntt' inimerous t 

vmcn sLiii leinain are those alreMrlv thua rjii i 

carbonaceous matter derived from tbp o i ^ r filled \ 

atmosphere. Such fossil 1 i carbon dioxide of 

a idyer^n!r“'' “^^nrity. The infantile stage is brief 

action of H ’ effaced. By the furro y 

“"d the heed™, leoKlheoi*™ t", 

en&e miTid *“”ele Stem milji it „ 

Mee, aed a„t an acre is left o„ a, 





kivers and valleys 

mindrop does not find already cut for it an u: 
ward path wJiich leads it on by way of cruH 
to the sea. The initial surface of the land b 


Hr. ou. Drainage Maps 

A, an area in its infeney, Bnejia Vista County, Iowa 
inatiintj, Ringgold County, Iowa 

it was modeled, is now wholly destroyed- 
reduced to valley slopes. ’ 

The longitudinal profile of a stream. This s 
with the initial surface of the region on t 
begins to flow, although its way may lead tli 

down steep descents, a 
The successive pro- 

files to which it re- 

duces its bed are 
ilhistrated in Fig- 
ure 51. As the gra- 
dient, or rate of de- 
scent of its bed, is 
lowered, the veloc- 
ity of the river is 
decreased uutO. its 


an area in its 


Fig. 51. Successive Longitudinal Profile 
of a Stream 

am, initial profile, with waterfall at and basi 
and which at first are occupied by lake 
later are filled or drained; b, e, d, and e, p 
estahli^shed in succession as the stream ad^ 
from infancy toward old age. Note that 
profiles are concave toward the sky. This 
erohdon curve. What contrasting form ha 
weather curve (p. 34) ? 




lessening energy is wholly eonsumed in cam-iiio- its load and it 

the ^ to its load. If now its load is uioreased 

snare anT? ’ diminished it has energy to 

paie, and lesuming its work of erosion, degrades its bed In 

e.fcr tl„ ag8..adi.g 1 deg.«4 JS 


ui me xeuomtone 

.» =4 ».s 

giaded or ungraded? Note that Hm it has built up? Is j 

ing spurs ‘==^”yoo trails project in iiterloch 

a new gradient is found where the velocity is inst n; • 
move the load anH >iqi.q • i*’ just sufficient 

»'Xirtrr 

»Mve mte,; SZlilt " T »” '■ 
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KIVERS AND VALLEYS 
nearly quitTveSr burL\®?i 

S=£SS5lfi5 

canyons may be found where a le deepest 

rising land mass, either mountam 
range or plateau, has long main- 
tained by its continued uplift the 
rivers of the region above grade. - 

In the uoi them liemisphere the north '53. Section of the Yellow- 

si es of nver valleys are sometimes of ®tone Canyon 

nioie gentle slope than the south sides. This canyon is ICOO feet deep ‘>500 
Ldii you suggest a reason? feet wide at the top, ami akmt 

The Grand Canyon of the Colorado bottom. 

River in Arizona. The Colorado River 
trenches the high plateau of northern 
Arizona with a colossal canyon two 
hundred and eighteen rnile.s long and 

more than a mile in greatest depth - ^mes 

beneath which in places ImAev n- stones, with some shales, 
the_canyon is deepesUts walls haTbeerprIundX\1« ^ 

ll»rLg"°i'f“o“nhiir“ '“™S teiwm. 

... rritrs zt ., 


- r.ivic cib Uie Dottom. 

•Neglectiiig any cutting- of the 
river against its banks, estimate 
what part of the excavation of 
the canyon is due to the vertical 
erosion of its bed by the river 
and wdiat to wx^athering and 
rain wash on the canyon sides 




IXi.;-/,-- 

Jt, ^ » 









ocj£ alternate with steeper declivities in 1 
as, for example, a stretch of ten miles 
y-one feet to the mile. Because of these 
■mg parties who have traversed the Color 
hazard of their lives. 

canyon has been shaped by several 
nver which has sawed its 


Its depth is due 
* base of a lofty 
1 a slitlike gorg’e 
The impressive width of 
masses which fill it are 
as giilched the walls and, 
■iven them back. The hori- 
of vertical cliffs, often hiiii- 
' sloj^es conceal the outcrop 


Conditions which produce Falls or liapids 

d softer rocks; B, horizontal succession of the 
mking Its bed through a mass of strata of dif- 

V the hard 

r -/f J ^ Its work is delayed. Thus 

, with falls at /. In B the initial profile is 
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Waterfalls and rapids. Before the bed of a stream is reduced 
0 grade it may be broken by abrupt descents which give rise to 
waterfalls and rapids. Such breaks in a river’s bed may belong 

to the initial surface over which 
it began its course; still more 
commonly are they developed 
in the rock mass through which 
it is cutting its valley. Thus, 
wherever a stream leaves harder 
rocks to flow over softer ones the 
latter are quickly worn below the 
level of the former, and a sharp 


Fia. 56. Longitudinal Section of 
Yellowstone River at Lower 
Fall, F, and Upper Fall, 
Yellowstone National Park 

I'Oi lavas deeply decayed through 
action of thermal waters ; m and 


masses of u^de^ryedlaTas to ^ 

whose hardness the falls are due. Change ui slope, with a Waterfall 
Which fall will be worn awav tiiA 


Which fall will be worn away the 
sooner? How far upstream will 
each fall migrate? Draw profile 
of the river when one fall has dis- 
appeared 


or rapid, results (Fig. 55). 


^ At time of flood young tributaries 
with steeper courses than that of the 

rjr ’“‘•'a'"'''" "“z'rixrz 

.ph.«:rr»" 7;:. 


of the tributaries is lowered the 
main stream becomes able to 
handle the smaller and finer 
load which they discharge. 

A lare class of falls is pro- 
duced where the minor tribu- 
taries of a young river are not 
able to keep pace with their 
master stream in the erosion 
of their beds because of their 
smaller volume, and thus join 
it by plunging over the side 
of its gorge. But as the river 
approaches grade and slackens 
its down cutting, the tributaries 


Fig. 57. Diagram illustrating Migration 
of a Fall due to a Hard Layer II in 
the Midst of Soft Layers S and Sf,’all 
dipping upstream 

c, d, and c, successive profiles of the 
stream ; ./ and /'', successive posi- 

fall IS reduced. Draw diagram showing 
migration of fall in strata dipping ^ofon- 

ii4ToF eonditions of incli- 

nation of the strata will a fall migrate 
the farthest and have the longest life ^ 
Under what conditions will it migrate the 
least distance and soonest be destroyed ? 

sooner or later 
on a level. 







^ of 

Waterfalls and rapids of all kinds 
a river’s youth. Lilce lakes they are s 
oiig time had already elapsed since tl 
liave been obliterated already. 

Local baselevels. That balanced coi 
a nver neither degrades its bed by ei 
deposition, is first attained along reach 
outcrops of hard rnAP<s 


f'fl- A Maturely Disreutol Reylon of Sliyut ReHof 

“■ riwr «™ «,«ied t„ .u,,i, 

wZ Z “'1 » «» « 

* ?“ » Similar way the e, 

■ 1 ver s course constitutes for all "inflowi, 
iselevel, winch disappears when the basin i 


uca Mivers 

moZZte 

and ‘'7Z 
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sunk to grade, while 
the divides remain 
hut little worn below 
their initial altitudes. 
Ground water now 
stands low. The run- 
off washes directly to 
the streams, with the 
least delay and loss 
by evaporation in 
ponds and marshes ; 

6 the discharge of the 
livtii is tliGrefor© at 
its heigiit. The entire 
region is dissected ])j 
stream ways. The 
aiea of valley slopes 
is now largest and 
sheds to the streams 
a heavier load of 
- waste than ever be- 
fore. At matiiritj the 
liver system is doing j 
its greatest amount of f 
work both in erosion 
and in the carriage 
of w ater and * of waste 
to the sea. 

Lateral erosion. 

On reaching grade a 
river ceases to scour 
its bed, and it does 
not again begin to do 
so until some 
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in load or volume enables it to find grade at a lower level. On tlie 
otlier hand, a stream erodes its banks at all stages in its liistory, 
and with graded rivers tins inncess, called lateral erosion, or 
ijfawaiwL is specially important. The current of a stream fol- 
lows the outer side of all curves or bends in the channel, and on 
this side it excavates its bed the deepest and continually wears 
and saps its banks. On the inner side deposition takes place in 
the more shallow and slower-movuig water. The inner bank of 
bends is thus built out while the outer bank is worn away. By 
swinging its curves against the valley sides a graded river con- 
_ tmuaJly cuts a wider and vider floor. The V-valley of youth is 
thus clianged by planatiou to a flat-floored valley with flarmg 
sides which gradually become subdued by the weather to gentle ’ 
slopes. Wliile widening their valleys streams mamtain a con- 
stant width of channel, so that a wide-floored valley does not 
signify that it ever was occupied by a river of equal width. 

The gradient. The gradients of graded rivers differ widely 
A large river with a light load reaches grade on a faint slope, 
while a smaller stream heavily burdened with waste requires, 
a steep slope to give it velocity sufficient to move the load. 

The Platte, a graded river of Nebraska with its headwaters in the 
Rooky Mountains, is enfeebled by the seini-arid climate of the Great 
_ ains and surcharged with the waste brought down both by its branches 
m le mountains and by those whose tracks lie over the soft rocks 
ot the plains. It is compelled to maintain a gradient of eight feet to 
the mile ill western Nebraska. The Oliio reaches grade with a slope 
oi less than four inches to the mile from Cincinnati to its mouth, and 
Wie powerfid Mississippi washes along its load with a fall of but three 
inches per mile from Cairo to the Gulf. 

Other tlnngs being equal, which of graded streams will have the 
steepe. gradient, a tmnk stream or its tributaries? a stream supplied 
With gravel or one with silt? ^ 

Pi.TX ^ n*”' changes would occur if the 

shoMdbrii 

snonld be increased in amount or in coarseness? 
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tion lowers the relief of the region less . 

fa id grade with famter declivities nearer the 

tiode IS known as l^asele^el.i As streams grow 
more and more closely to baselevel, althoug 
able to attain it. Some slight slope is needec 
o-w and waste be transported over the land 
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™ rom^Tnf as it advances 

Lorn Inlancy a, to Old Age e 

has ever lessened. The master streams and 
les now wander with sluggish currents over 

composed or because of tbeir distance from tlie ^ 

wt stSSirr " 

.™«d»or;„, from the name of aconM pei"f 

« ooerioohs the no. nplifted pene'^““1";: 


” IS also used to designate the close approximation to 
are able to subdue the land. ™»mation to 
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ill lEs Old age a region becomes mantled ■ 
ot hue and weathered waste, slowly moving ow 
toward the water ways and unbroken by ledi 
In other words, the waste mantle also is no^ 
waterfalls have been effaced in the river h 
ledges m the wide streams of waste are worn a 
beneath smooth slopes of fine soil. Ground w 
and may exude in areas of swamp. In youtl 
was roughhewn and cut deep by stream erosi 


62. Peneplain 


surmounted by Monadnocks, Piedmont 
Belt, Virginia 

ElemeiUary Physical Geography 
the faint reliefs of the land dissolve awav chieflv nnd 

The cycle of erosion. The successive stages through 

. and the contours of hills and 

IS thus able to determine bv the i i r 1' geo. 

stflcrp by the land forms of anv remo, 

of the geolc^i.., hisheey oTlS: 
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rivers AE^D 

Interrupted cycles. So long a 
mass to baselevel that tlie proce; 
uuring a single unnitermpted eye 
ous inteiTiiptions which may 0 ( 
gradual movements of the eartt 
either depressed or elevated relativ 
llie depression of 
the 

their beds 


-le ot erosion. Of 
3cxir the most hr 
’s crust, bj wliich 
'6 to sea level. 

r ^ ^ hastens its old ao'e In 

—o and carry their loads to a deoree 
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im ot their flood plains, leavin 
terraces, and intrench thernse 
aeir older and wider valleys t 
gorges, in which they flo w swi: 
•e and there by falls and raj 

! where a harder layer of r( 
has been discovered. Wi 
hig streams on plahis m 
thus incise their meanders 
solid rock as the plains a 
gradually uplifted. Streai 
whmh are thus restored ■ 
their youth are said to I 
nvived 

As streams cut deeper an 
t le valley slopes are steer 
fed, the mantle of waste o 
he region undergoing eleva. 
ion IS set in more rapid 
movement. It is 
mo\ td particle by particle 
taster than it forms. As the 
V aste mantle thins, weather- 
ing attacks the rocks of the 
region more energetically 
until an equilibrium is 
reached again; the rocks 
IS as rapidly reiiiovecL 
1 a rise of the land brings one cvcle 

Ahe characteristic land Ws of 

md the topography of the region 
5m e IS. so far advanced thafthe 
ntirely destroyed. The contrast 

m later and the earlier cycles is 


3 miles 


Contour Infen'al 
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RIVEKS AN]> valleys * 

- elevated and disserjted have beaif f '““® ''Ml W loeii 

"f their ancient e„ei« >>3' «» reninante 

surfaces, and the length 
of time which has 
ela|Dsed since their uplift 
1ms been measured by 
tile stage to which the 
ne w cy cle has advanced. 

The Piedmont Belt. A.s 

^ an exanmle of an ancient 
I'oneidlain uplifted and 
dissected we may cite tlie 
Kedmont Belt, a broad 
upland lying between the 
-Appalachian Mountains 
and the Atlantic coastal 
plain. The surface of the 
Piedmont is gently rolling. 

The divides, which are 
often smooth areas of con- 
siderable width, rise to a 
common plane, arid from 
them one sees in every 
direction an even sky line 

except where in places 
some lone hill or ridge may 
lift itself above the general 
level (Fig. flop The sur- 
lace is an ancient one, for 
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“■5« HclviVifSTA 

■ Ota? Compare as to Sma 

in diasrram. We mnv cn shown 

has woiM nostrum to 
diagram. w/tfXt 


:r bv 

At pre.sent, however the w-X ^ “ 

it is being removed. The streams of tl' ”°i* fonning .so rapidly as 
its destruction. TJiey flow swiftly in actively engaged in 

This Jitrast 
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iKi. OC. Dissected Peneplain of Southern X 

npland^ lowered, we restore the Piedmont region 
winch It stood before its uidift and dissection, _ a 
sui-mounted here and there by isolated hills and ric 
I he surface of the ancient Piedmont plain, as 
from the remnants of it found on the divides, is nol 
the structures of the country rocks. Where these r 
they are seen to be far from horizontal. 0]i the w 
trey dip steeply and in various direction, s n.Tid t.n,: 


Pig. (57. Section in Piedmont Belt 
i/, a monadnock 

s I*' “i'S' 

are the bases of great folds and tilted , ^ 



Ivn LRS AND VALLEYS g, 

.« »»«^.«. i. i„*,e.d.„. «, .„. fcZrz “'zrSeZ 


^ I =1^3 ^. \ \ 

rio. 68. The Area of the Laurentian Peneplain 

by loiiq- (jemidation anr] wp n ^ *3 ‘T-i’e produced 

-~d .Tzzs: ““:;?;£■ 






Arciict)cean to the St. Lawrence Eiver and T .h. «! • 

small areas also in iiortliern Al^'c f ^ Superior, with 
. oiit this U-sha.ped T ^ 

anns,theeounlj"oeSrat^^^^^ 

tuves wliich characterke mountair contorted struc- 

But the sindace of thfarrrt ^ 

sky liixe when viewed from thp^•^rt mountainous. The 

feiir peaks or rugged lulk The suSce^rtt"*^^^^^ 

Hudson Bay is gently undulating and tL of 

has been roughened to low-x-ollino' lull. ' 7 eastern arm 

Hus immense area may be re-mrded « 

truncating the bases of lomM^aSsl li ! Peneplain 

after elevation. vanished mountains and dissected 

coniparatively I?® ^ to 

to great height and Imve " since p njilifted 

they have been upfolded and br Hssected, and where 

^^tion becomes mieScuf ^ I:!; -o^- 

evidences of ancient lowland su,.f7 r ^^ve found 

of the Allegheny ridges the Oa« c® c^ erosion on the summits 
llie «em dope of the’ Se„« n“* ™' 

m« the ktter p,,” f ‘"™ “ »ampl, of no 

■'•“ '">■» ’■•■t to .« .e™. .“po , 2 r, “ °' ™’ "‘“I' 

nessee, shows on the west a kf n 1 . “ eastern Ten- 

the east is a roughened upland platform fr7 ^‘!™^®Band plateau. On 
the peaks of the Great Smoky Mount ' ^ 'n distance 

stivata but little changed from their oriSnl flat-l ot 

p atforrri, developed on rocP«! nf r ? ^ H-ttitude, and the 

-7 be.. p4„“ : »* 
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outcropping edges of the harder strata, which rise to about the same 
level, — that of the line erf. Between these ridges stretch valley low- 
lands at the level e/, excavated in the weaker rocks, while somewhat 
below them lie the channels of the present streams now busily engaged 
in deepening their beds. 

The valletj lowlands. Were they planed by graded or ungraded 
streams? Have the present streams reached grade? Why did the 
streams cease widening the floors of the valley'lowlands? How long 




Fig. 70. Generalized Section of the Southern Appalachian Kegion in 

Eastern Tennessee 


since? When will they begin anew the work of lateral planation? 

hat effect will this have on the ridges if the present cycle of erosion 
continues long nniiiterrupted ? 

The ridges of the Appalachian valley. Why do they stand above the 
valley lowlands? Why do their summits lie in about the same plane? 
Refilling the valleys intervening between these ridges with the material 
removed by the streams, what is the nature of the surface thus restored ? 
Does this surface erf accord with the rock structures on which it 
has been developed? How may it have been made? At w’hat height 
did the land stand then, compared with its present height ? What eleva- 
tions stood above the surface erf? Why? What name may you use to 
designate them ? How' does the length of time needed to develop the 
surface cd compare w'ith that needed to develop the valley lowlands? 

The platform and plateau. Why do they stand at a common level 
abl Of what surface may they be remnants? Is it accordant with 
the rock structure? How was it produced? What unconsumed masses 
overlooked it? Did the rocks of the Appalachian valley stand above 
this surface when it was produced? Did they then stand below it? 
Compare the time needed to develop this surface with that needed to 
develop cd. Which surface is the older ? 

^ How many cycles of erosion are represented here ? Give the erosion 
history of the region by cycles, beginning with the oldest, the work done 

to a close, 



CHAPTEIi 


RIVER DEPOSITS 



iiib aggrading streains 
by which flood plains are 
constructed gradually build 
their immediate banks and 
beds to liigher and higher 
levels, and therefore find it 
easy at times of great floods 
to break their natural em- 
bankments and take neAv 
courses over the plain. In 
this way they aggrade each 
portion of it in turn by 
means of their shifting 
channels. ° 

Braided channels. A 
liver actively engaged in 
aggradhig its valley with 
coarse waste buOds a flood 
plain of comparatiTCly steep 
1 a fairly direct coui'se and 
iinels. i’rom time to time 
te, and the water no longer 
uts and builds itself a new 


OF Miles 





Fig. 73. Terraced Valley of River in Central Asia 


Fig. 74. Terraces carved in Alluvial Deposits 
Modified after Davis 

Which is the older, the rock floor of the valley or the river dejwsits which 
fill it? What are tlie relative a£?es of terraces a, b, c, and e ? It will 
be noted that the remnants of the higher flood plains have not been 
swept away by the meandering river, as it swung from side to side of 
the valley at lower levels, because they have been defended by ledges 
of hard rock in the projecting spurs of the initial valley. The stream 
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Fig. /5. River Terraces of Rock covered, 
with Alluvium 


Terraces. IVliile aggrading streams thus tend to shift their 
channels, degrading streams, on the contrarj, become more and 
more deeply intrenched in their valleys. It often occurs that a 

^ stream, after liaviiig 
hunt a ^flood plain, 

"C ” rS ' ' ^ because of'^a lessmied 

liG. /o. River Terraces of Rock covered Iao /1 m. i? +1 

with Alluvium load or fur other reasons, 

C, recent flood plain of the river. To what pro- 

cesses is it doe? Account for the alhivium at ^nd begins ili- 

a and 6 and on the opposite side of the valley at stead to rlpoTorlp if Tf 
the same levels. Which is the older? AccoU 

for the flat rock floors on which these deposits the Original flood 

of alluvium rest, (five the entire history which nlain out of roopK nf* 
may be read in the section. 1 leacll Or 

,TT, . . even the highest floods. 

When again it reaches grade at a lower level it produces a new 
00 plain by lateral erosion in the older deposits, remnants of 
which stand as terraces on one or both side.? of the vallev. In 
this way a valley may he lined with a succession of terraces at 
different levels, each level representing an abandoned flood plain. 

Meanders. Valley, s aggraded with fine waste form well-nioh 
level plains over wliich streams wind from side to side of^a 
direct course in sym- 
metric bends known 

as meanders, from the v 

name of a winding //\k. V; ,f 

river of Asia Minor. 

The giant Mississippi Fig. 76. Development of a Areauder 
has developed mean- The dotted line in «, 6, and C stows the stage pre- 
ders with a radius of unbroken line 

one and one half miles, but a little creek may display on its 
.n«jW „ ^ „ m Uf - or,?: 

ooc p am of either river or creek we may find examples of the 
successive stages m the development of the meander, from its 
beginning m the slight initial bend sufiicieiit to deflect the 


Fig. 76. Development of a iWeander 

The dotted line in a, 6, and c shows the sta^e pre- 
ceding that indicated by the unbroken line 



RIVEK DEPOSITS 


current against the r-n — ^ 

outer side. Eroding j 

here and depositing -4- — 

on. the inner side of i, | /iL' 

the bend, it gradually } 

reaches first the 

open bend (Pig. 7 6, a) \ j’ • 

whose width and ! ' ' 

length are not far „ ! iT^^x ' r . 

froiii ecpial, and later ' 

that of the horseshoe 

meander (Fig. 76, J) .[ .I' 

whose diameter pt' f 
transverse to the 1 1.4 'tp” -p | 
course of the stream 'U' 1 1 

is much greater than . j-' ', 1 

that parallel with it. 

Little by little the 

neck of land project- : \ 

ing mto the bend is J 

narrowed, until at 

last it is cut through 

and a “cut-off” is ^ I ; f V' 

established. The old ^ ^ 

channel is now silted the Mlsfi 

up at both ends and , ,, 

^ Each small square repres 

becomes a crescentic wide is tiie flood idaiu 

lagoon (Ing. i6, r), latter nver deflected ( 

( >1* exl )0 W lake, which flood plain of its mastei 

fiHq o'T*o4nolDr tn clers of the two rivers ^ 

nils giaUlicUly to an the width of each flo 

arc-sb aped shallow width of the belt occuj 

depression. . tr. 

Flood plains characteristic of mature 

grade a stream planes a flat floor for its 





7 77 ® of the land is lessened 
' load of waste is delivered to the river. ' 
pare and again degrades its vallev, excavg 
plains and leaving them in terraces on eitlr 
ts old age sweeping them awav. 
i fans. In hilly and nionntaiuous countrii 
alley side a conical or fan-shaped .leposit , 
or a lateral stream. Tlie cnnse 
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tlie young branch has not been able as yet to wear its bed to 
accordant level with the already deepened valley of the innslcr 
stream. It therefore builds its bed to gi-ade at the point of junc- 
ture l:)y depositing here its load of waste, — a load too heavy to 
be carried along the more 
gentle profile of the trunk 


b 

valley. 


i 


WlierB rivers descend from a 
rnoiintainous region upon the 
plain they may build alliivial 
fans of exceedingly gentle slope. 
, Tims the rivers of the west- 
' ern side of the Sierra ISTevada 
Monntaiiis have spread fans 
with a radius of as much as 
forty miles and a slope too 
slight to be detected without 
instruments, where they leave 
the rock-cut canyons in the 
mountains and descend upon 
the broad central valley of 
California. 




As a river flows over 
its fan it coininonly divides 
into a' brancliwork of shift- 
ing channels called disirihu- 
taries, since tliey lead off the 
water from the main stream. 



70. "Jh-ibutaries and Distributaries 
of a Eaii-miilding Stream 


b\ 






Til this way each part of the fan is aggraded and its sj-mnietiic 
form is preserved. 

Piedmont plains. Mountain streams may build tlieir confluent 
fans into widespread piedmont (foot of the mountain) alluvial 
plains. These are especially characteristic of arid lands, wliere 
the streo,ms witlier as tliey flow out upon the thirsty lowlands 
and are therefore compelled to lay down a large portion of their 

.aH 0 ^ 

’ • • ■■ 

. ■ 
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load. In humid climates mountain-born streams are usually 
competent to carry their loads of waste on to the sea, and have 
energy to spare to cut the lower mountain slopes into foothills, 
u arnl regions foothills are commonly absent and the ranges 
wlstf pedestals, above broad, sloping plains of stream-laid 

sttehTf " <^outir,„ous sheet of waste whieJ 

fnd h nl "’^"1 T“ mountains for Imndredsof rnile.s 

madr in r' r ^hat tim deposit was 

made in ancient times on laud and not in the sea is proved l.v the 




Rm. 80. Section from the Rocky Mountains Eastwar.1 
River deposits dotted 

t net I hdt It n as laid by rivers and not bv fresh-water lakes is shown 

Xwtr"' c,.,. ...d r!:; " 

op W b, Icnj, nu,»,. bell, el g,,,„i „„p th,*di,,i,n..l, of the 

n .„t .i„.„, G,.vel, .„d „„ h,djXii;;;i“ 

well-worn pebbles may be identified with iha i i* 

NeLsfa ■’ and 

the most 

npoitant iivei deposits are those , which gather in areas of 
giadual subsidence; they are often of vast extent and immense 

_i nepently been preserved, with all their records 'of the linm- 
m which they were built, by being carried M v b lew r 

and, liver deposits which remain above baselevels of ot>^* 

are swept away comparatively soon. 
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IIIVER DEPOSITS 

f Valley of California is a monotonously level plain of oreat 

hunt of ’ T 

' “] r'" !, mountain ranges which 

iclose It, _ the Sierra Nevada on the east and the Coast Rancre on the 

^est On the waste slopes at the foot of the bordering hids coarse 
„ia\els and even bowlders are left, while over the interior the slow 
flowing streams at times of flood spread wide sheets of silt Oi-inL' 
Sff "T by *be decay of vegetation ^swampv tide 

, IP-HV ¥• iy *1.. 

’ Deep borings show that this great trough is depth of at 

leas two thousand feet below sea level tvith 
sands and silts containing logs of wood and fresh 
are land deposits, and the absence of any marine MsSainono theni 
proves hat the region has not been invaded by\be sT nee T 
■^cumulation began. It has therefore been slowly subsiding ^d ^ 

■ stieams, although continually carried below grade,' have yet been able 
o_ao.gr,de the surface as rapidly as the region sank, and have ^ 
tamed it, as at present, slightly above sea level. 

the?mln“s^ Brahmaputra, the Ganges, and 

southern 1 ®y®*ems stretches for sixteen hundred miles along the 
southern base of the Himalaya Mountains and occupies an area of 

id plains of the master streams and the confluent fans of the tribu- 
^ taries which issue from the mountains on the north. Large areas are 
. subject to overflow each season of flood, and still larger tracks mark 
. aiandoned flood plains below which the rivers have now cut their beds. 

. le p am is built of far-stretching beds of clay, penetrated by streaks 
. of.sand, and also of gravel near the mountains" Beds of impme 

•aniinn/" f fre«h-water shells and the bones of land 

animals of species now living in northem India. At Lucknow an 
artesian .well was sunk to one thousand feet below sea level without 
leachmg the bottom of these river-laid sands and silts, proving a slow 
subsidence with which the aggrading rivers have kept pace. 

Warped valleys. It is not necessary that an area should sink 
helw sea level in order to be filled with stream-swept waste. 

igh valleys among growing mountain ranges may suffer 
warpuig, or may be blockaded by rismg mountain folds 
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athwart them. Inhere the deformation 'is rapid enough, the 
nver maybe ponded and the yalley filled with lake-laid sedi- 
ments Even when the river is able to maintain its right of 
way It may yet have its dechmty so lessened that it is com- 
pelled to aggrade its course continually, filling the valley with 
nvei deposits which may grow to an enormous tliickness. 

Behind the outer ranges of the Himalaya Mountains lie several waste 
Mled valleys, the largest of which are Kashnnr and Nepal, the fori; 
eing an a luvial plain about as large as the state of Delaware The 
livers which drain these plains have already cut down theU- ’ ti ! 
gorges sufficiently to begin the task of the removal of the br ® 

mulations which they have brought in from the mid i 

leniains of land plants and land and fresh-water sheik l - ’ 

the bones of such animals as the hvena mil ^ «ome 

genera now living. Such soft deposit; cannot be etelTiend ■ 

through any considerable length of future timp fl - i 

- 0 . «... " 

Characteristics of river deDositcj i • 

-C. ele.,,. lie e,„e.e.lec' 

posits. These deposits 
consist of broad, flat- 

Eio. 81. Cross Section of Aggraded Valiev slmw 0^ clay 

ing Stnicture of EiVer Deposits ’ ' 

flood, and traversed here and there by long nafrowifi r f 

-ame, cross-bedded sands and gravel; thrin 110^ ^ 3 
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the plain as it is in process of building. Elver shells sucli as 
the mussel, land shells such as those of snails, the bones of 
fishes and of such land animals as suffer drowning at times 
of flood or are mired in swampy places, logs of wood, and the 
stems and leaves of plants are examples of the variety of the 
remains of land and fresh-water organisms which are entombed 
in river deposits and sealed away as a record of the life of the 
time, and as proof that the deposits were laid by streams and 
not beneath tlie sea. 


±>ASIN JJEPOSITS 

Deposits in dry basins. On desert areas without outlet to the 
sea, as on tlie Or eat Basin of the United States and the deserts 
of central Asia, stream-swept waste accumulates indefinitely. 
The rivers of the surrounding iiiountains, fed by the rains and 
melting snows of these comparatively moist elevations, dry and 
soalv away as they come down upon the arid plams. They are 
compelled to lay aside their entire load of waste eroded from 
tlie mountain valleys, in fans which grow to enormous size, 
reaching in some instances thousands of feet in thickness. 

^ The iiionotonous levels of Turkestan include vast alluvial tracts now 
in process of building by the floods of the tVefpiently shifting channels 
of the Oxus and other livers of the region. Tor about seven hundred 
iniles from its mouth in Aral Lake the Oxus receives no tribntaiies, 
since even the larger branches of its system are lost in a network of dis- 
taibiitarifes and choked with desert sands before they reach their master 
streani.^^ These aggrading rivers, which have channels but no valleys, 
spread ‘their muddy floods — which in the case of the Oxus sometimes 
equal the average volume of the Mississippi — far and wide over the 
X)lain, w’ashing the liases of tlie desert dunes. 

Playas. .In arid iiiteiior basins the central depressions may 
he occupied ])y playas, — plains of fine miid wvashed forward 
from the margins. In the wet season the pi ay a is covered with 
a thin sheet of muddy water, a nlava lake. smmlio.d ii.ciiijdL- 
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some stream at flood. In the dry season the lake evaporatesythe 
river wliich fed it retreats, and there is left to view a hard, 
smooth, level floor of sun-baked and sun-cracked yellow clay 
utterly devoid of vegetation. 

In the Black Rock desert of Nevada a play a lake spreads over an 
area fifty miles long and twenty miles wide. In summer it disappears; 
the Quinn River, which feeds it, shrinks back one hundred miles toward 
its source, leaving an absolutely barren floor of clay, level as the sea. 

Lake deposits. Regarding lakes as 23arts of river systems, 
we may now notice the characteristic features of the deposits in 
lake basins. Soundings in lakes of considerable size and depth 
show tliat their bottoms are being covered with fine clays. Sand 
and gravel are found along their margins, being brouglit in by 
sti earns and worn by waves from the shore, but there are no 
tidal or other strong currents to sweep coarse v-aste out from 
shore to any considerable distance. Where fine clays are now 
found on the land in even horizontal layers contaiiiing the 
leinains of fresh-water animals and ^Dlants, uncut liy chainiels 
filled with cross-bedded gravels and sands and bordered by 
beach deposits of coarse waste, we may safely infer the exist- 
ence of ancient lakes. 

^ Marl. Marl is a soft, whitish deposit of carbonate of lime, mingied 
often with more or less of clay, acciimiilated in small lakes whose feed- 
iiig springs are charged with carbonate of lime and into which little 
waste is washed from the land. Such lakelets are not infrequent on the 
surtace ot the younger drift sheets of Michigan and northern Indiana, 
where their beds of marl — sometimes as much as forty feet thick — are 
utilized m the manufacture of Portland cement. The deposit results 
^i-om the decay of certain aquatic plants which secrete lime carbonate 
trom the waku-, from the decomposition of the calcareous shells of tiny 
niollusks which live in countless numbers on tJie lake fioor, and in some 
cases apparently from chemical precq>itation. 

Peat. We have seen how lakelets ai'e extino-uislied hv the 
decaying remains of the vegetation wliicli they support. A 





section of such a fossil lake shows that be: 
mosses and other plants of the surface of the 
mass cornposed of dead vegetable tissue, whiclx 
gradually into 'pent, — a dense, dark brown carl 
in which, to the unaided eye, httle or no ti 


VVlien vegetation decays in open air the carbon of its tissues, 
taken from the atmosphere by the leaves, is oxidized and re- 
turned to it in its original form of carbon dioxide. But decoiri- 
posing in the presence of water, as in a bog, where the oxygen 
of the air is excluded, the carbonaceous matter of plants accumu- 
lates in deposits of peat. 

1 eat bogs are numerous in regions lately abandoned by glacier ice, 
where river systems are so immature that the initial depressions left in 
the sheet of drift spread over the country have not yet been drained. 
One tenth pf the surface of Ireland is said to be covered with peat, and 
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small bogs abound in the drift-covered area of New England and the 
states lying as far west as the Missouri River. In Massachusetts alone it 
has been reckoned that there are fifteen billion cuiiio feet of peat, the 
largest bog occupying several thousand acres. 

Much larger swamps occur on the young coastal plain of the Atlantic 
from^ New Jersey to Florida. The. Dismal Swamp, for e.vample, in 
Virginia and North Carolina is forty miles across. It is covered with a 
dense growth of water-loving trees such as the cypress and black gum. 
The center of the swamp is occupied l.y Lake Drummond, a slmllow 
lake seven miles in diameter, with banks of pure peat, and still narrow- 
ing from the encroachment of vegetation along its borders. 

Salt lakes. In arid climates a lake rarely receive.s sufficient 
inflow to enable it to rise to the basin lim'aud find an outlet. 
Before this height is reached its surface becomes large enough 
to discharge by evaporation into tiie dry air tiie, amount of 
water that is supplied by streams. As sueli a lake has no out- 
let, the minerals in solution brought into it liy its streams 
cannot escape from the basin. The lake water becomes more 
and more heavily charged with such substances as common 
salt and the sulphates and carbonates of lime, of soda, and of 
potash, and these are thrown down from solution one after 
another as the point of saturation for each mineral i.s reached 
Carbonate of lime, the least soluble and often the most abundant 
mineral brought in, is the first to he iirecipitated. As concen- 
tration goes on, gypsum, which is insoluble in a strong brine, 
is deposited, and afterwards common salt. As the saltness of 
the lake varies with the seasons and with climatic changes 
gypsum and salt are laid in alternate beds and are interleaved' 
with sedimentary clays spread from the waste brought in hv 
streams at times of flood. Few forms of life can livedn bodies 
of salt water so concentrated that chemical deposits take place 
and hence the beds of salt, gypsum, and silt of such lakes are 
quite barren of the remains of life. Similar deposits are'pre- 
c^i ated by the concentration of sea water in lagoons and arms 
of the sea cut off from the ocean. 
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Lakes Bonneville and Lahontan. These names are given to extinct 
lakes which once occupied large areas in the Great Basin, the former in 
Utah, the latter in northwestern I^evada, Their records remain in old 
horizontal beach lines which they drew along their moiuitainous shores 


Pig. 83. Map of Lakes Bonneville and Lahontan 
From Davis’ Physical Geography 

at the different levels at which they stood, and in the deposits of their 
beds. At its liighcst stage Lake Bonneville, then one thousand feet 
deep, overflowed to the north and was a fresh-water lake. As it shrank 
below the outlet it became more and more salty, and the Great Salt 
Lake, its withered residue, is now depositing salt along its shores. In 
its strong brine lime carbonate 
is insoluble, and that brought d 


at once in the form 
tine. 

Lake Lahontan never had an 84- Section of Deposits in Beds of 

, , , rn, p ^ , . ,1 Lakes Bonneville and Lahontan 

outlet. I he first chemical de- 
posits to be made along its shores were deposits of travertine, in places 
eighty feet thick. Its floor is spread with fine clays, which must have 
been laid in deep, still water, and which are charged with the salts 
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absorbed by them as the briny water of the lake dried away. These 
sec imentary clays are in two divisions, the upper and lower, each beino- 
about one hundred feet thick (a and o. Pig. 84). They are separated 

rf cross-bedded gravels and sands 

( , Pig. 84), similar to those spread at the present time by the inter- 
mittent streams of arid regions. A similar record is shown in the old 
floors of Lake Bonneville. What conclusions do you draw from these 
lacts as to the history of these ancient lakes? 


Deltas 

In the river depo.sits Avhich are left above sea level particles 
of waste are alloAved to linger only for a time. Prom alluvial fans 
and flood p ains they are constantly being taken up and swept 
farther on downstream. Although these land forms may lomr 
persist, the particle.s which compose them are ever chaugina^ 
e may therefore think of the alluvial deposits of a valley'as a 
stream of waste fed by the waste mantle as it creeps and washes 
down the valley sides, and slowly moving onwards to the sea. 

In basins waste finds a longer rest, hut sooner or later lakes 
and dry basins are drained or filled, and their deposits if 
above sea level, resume their journey to their final goal. It is 
only when carried below the level of the sea that they are 
indefinitelj preserved. 

On reaching this terminus, rivers deliver their load to the 
ocean. In some cases the ocean is able to take it up by means 
of strong tidal and other currents, and to dispose of it in wavs 
w iich we shall study later. But often the load is so large w 
the tides are so iveak, that much of the waste which the river 

thefeUa called 

the deUa, fiom the Greek letter (A) of that name, whose shape it 
sometimes resembles. hempen 

Both owe tliar oagin to o meUen check in tl» velooitv of the 
nver, compoUn.g a doja^it of the load ; both tri.n'nnla.. in 


I 
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outline^ tlie apex pointing upstream ; and ];)otli are traA^ei‘sed 
by distributaries wliicli build up all parts in turn. 

Ill a delta we may distiiiguisli deposits of two distinct kinds, 
— the submarine and the subaerial In part a delta is built of 
waste brought down by the river and redistributed and spread 
by waves and tides over the sea bottom adjacent to the river’s 
mouth. The origin of these deposits is recorded in the remains 
of marine animals and 
plants which they con- 
tain. 

As the submarine 
delta grows nea,r to the 
level of the sea the dis- 
tributaries of the river 
cover it with subaerial 
d e p G sits al 1 0 g 6 1 h e r 
similar to those of the 
flood plain, of which 
indeed the subaerial 
delta is the prolongation. Here extended deposits of peat may 
accumulate in swamps, and the remains of land and fresh-water 
animals and plants swept down by the stream are imbedded in 
the silts laid at times of flood. 

Borings made in the deltas of great rivers such as the Missis- 
sippi, the Ganges, and the Hile, show that the subaerial portion 
often reaches a surprising thickness. Layers of peat, old soils, 
and forest grounds with the stumps of trees are discovered 
hundreds of feet below sea level. In the Nile delta some eight 
layers of coarse gravel were found interbedded with river silts, 
and in the Ganges delta at Calcutta a boring nearly five hun- 
dred feet in dejjtli stopped in such a layer. 

The Mississippi has built a delta of twelve thousand three hundred 
square miles, and is pushing the natural embankments of its chief dis- 
tributaries into the Gulf at a maximum rate of a mile in sixteen years. 
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Muddy sboals surround its front, shallow lakes, e.g. lakes Pontcliart- 
rain and Borgne, are formed betw^een the growing delta and the old 
shore line, and elongate lakes and swamps are inclosed between the 
natural embankments of the distributaries. 

The delta of the Indus Kiyer, India, lies so low^ along shore that a 
broad tract of country is overflowed by the highest tides. The sub- 
marine portion of the delta has been built to near sea level over so wude 
a belt offshore that in many places large vessels cannot come even 
within sight of land because of the shallow water. 

A former arm of the sea, the Rann of Cutcli, adjoining the delta on 
tlie east has been silted up and is now an immense barren flat of sandy 
mud two hundred miles in length and one hundred miles in greatest 
breadth. Each summer it is flooded wdth salt water when the sea is 
brought in by strong southwesterly monsoon winds, and the climate 
during the remainder of the year is hot and dry. By the evaporation 
of sea water the soil is thus left so salty that no vegetation can grow 

upon it, and in places beds 
^ of salt several feet in thick- 

Under like conditions salt 

Fig. 86. Radial Section of a Delta great thickness 

This section of a delta illustrates the structure of ^ been formed in the 
the platform which swift streams well loaded iiow found 

vdth coarse waste build in the water bodies buried amono’ the deposits 
into which they empty. Three members may ^ 

be distinguished: the bottom set beds, a; the ^^^icient deltas. 
fore set beds, b; and the top set beds, c. 

Account for the slope of each of these. Why Suh^idPurA n-f 

are the bottom set beds of the finer material UDSldence 01 great 
and why do they extend beyond the others? deltas. As a rule great 
How does the profile of this delta differ from delfaq qIawGt oUH- 
that of an alluvial cone, and why ? > aiC t.low l\ sink- 

ing- In some mstaiices 
upbuilding by river deposits has gone on as rapidly as the 
region has subsided. The entire thickness of the Ganges delta, 
foi example, so far as it has been sounded, consists of deposits 
laid in open air. In other cases interbedded limestones and 
other sedimentaiy rocks containing marine fossils prove that at 
times subsidence has gained on the upbundiiig and the delta 
lias been covered with the sea. 


Subsidence of great 
deltas. As a rule great 
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I It is by gradual depression that delta deposits attain eiior- 

nioiis thickness, and, being lowered beneath the level of the 
sea, are safely preserved from erosion until a inoveiiient of the 
earth’s crust in the opposite direction lifts them to form part of 
the land. We shall read later in the hard rocks of our continent 
the records of such ancient deltas, and we shall not be sur- 
prised to find them as thick as are those now building at the 
mouths of great rivers. 

♦ Lake deltas. Deltas are also formed where streams lose their 

velocity on entering the still waters of lakes. The shore lines 
of extinct lakes, such as Lake Agassiz and Lakes Bonneville 
and Lahontan, may be traced by the heavy deposits at the 
niouths of their tributary streams. 



We have seen that the work of streams is to drain the lands 
of the water poured upon them by the rainfall, to wear them 
down, and to carry their waste away to the sea., tliere to be 
rebuilt by other agents into sedimentary rocks. The ancient 
strata of which the continents are largely made are composed 
chiefly of material thus worn from still more ancient lands — 
lands with their hills and valleys like those of to-day — and 
carried l)y their rivers to the ocean. In all geological times, as 
at the present, the wmrk of streams has been to destroy the 
lands, and in so doing to furnish to the ocean tlie materials 
from which the lands of future ages Avere to be made. Before 
we consider how the waste of the land brought in by streams 
is rebuilt upon the ocean floor, we must proceed to study the 
Avork of two agents, glacier ice and the wind, Avhich cooperate 
with rivers in the denudation of the land. 
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The drift. The surface of northeastern North America., as far 
south as the Ohio and Missouri rivers, is generally covered 1}y 
the drift, — a formation which is quite unlike any which we 
have so far studied. A section of it, such as that illustrated in 
Figure 8 7, shows that for the most part it is unstratitied, consisting 
of clay, sand, pe1:)l)les, and even large bowlders, all mingled pell- 
mell together. The agent which laid the drift is one which can 
carry a load of material of all sizes, from tlie largest bowlder to 
the finest clay, and deposit it without sorting. 

The stones of the drift are of many kinds. The region from 
which it was gathered may well have been large in order to 


No. 1 has six facets; No. 4, originally a rounded river p(d)l)Le, has i) 
rnlibed down to one flat face ; Nos. 3 and o are hattered siihangi 
fragments faceted on one side only 

supply these many different varieties f)f rocks. Pe])])lef 
])Owlders Iiave been left far from their original homes, at 
be seen in southern Iowa, where the drift ctintains nugg< 
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copper brought from the 
agent -which laid the drift 
large area and carry it a lo: 

The pebbles of the drift I 

water or by waves. They 


Lake Superior 

gather its load 


' I’ounded hy running 
ith scratches. Some 
are angular, many 
have had their edges 

blunted, wliile others 

have been g-i 
flat and 


Touud 
r nry°^r^ V 

V held firmly 
1 against the lapi- 
i flaij s wheel ^fig. 

8 8). In many places 
upper surface of 
the country rock 

■ beneath the drift 
has been s-wept 
clean of residual 
clays and other 
MO ex- waste. All rotten 

eriyiag rock has been planed 

away, and the ledges 
' flas been cut down Inwe 
-wth long, straight, parallel 
id the drift can hold sand 
san grind them against the 

scoring it, .rfiiiefacetima 


I'lG. 89. Smoothed a 
posed to View b; 
Dnft, Iowa 

of sound rock to 
been rubbed smoo 
hnes (Fig. 89). T 
and pebbles firmly 
rock beneath, thus 
the pebbles also. 

ISTeither water n( 
ing lilce the drift i; 
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anywhere in the eastern United States. To find the 
has laid tliis extensive formation we must go to 
different climatic con- „ 

T , . 90 SO 70 .60 50 40 30 20 1< 

ditions. — r~1 — \ — 

The inland ice of j( 

Greenland. Green- \ 

land is about fifteen | 1 

hundred miles long / I lA '' 

and nearly seven hull- / \ \ 

dred miles in greatest 1 \ 

width. With the ex- \ 

ception of a narrow 1 

fringe of mountauious / ^ 

coast land, it is com- / A 1 

pletely buried beneath / 1 

a sheet of ice, in shape 1 - 

like a vast white / ^||; 1 

shield, whose convex / 1 

surface rises to a / 
height of nine thou- 

sand feet above the ^ 

sea. The few explor- 

ers who have crossed 1 

the ice cap found it a 1 

trackless desert desti- — I 1 

tute of all hfe save L Jo 

such lowly forms as 
the microscopic plant 

, . , T , , Glacier ice covers all but the a 

which produces the 

so-called red snow.” On the smooth plain of th' 
rock waste relieves the snow’s dazzling whiteness 
of running water are seen ; the silence is broken o: 
ing storm winds and the rustle of the surface snov 
drive before them. Sounding with long poles, e: 
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that below the powdery snow of the latest snowfall lie suc- 
cessive layers of earlier snows, which grow more and more 
compact downward, and at last have altered to impenetrable 
ice. The ice cap formed by the accumulated snows of uncounted 
centuries may well be more than a mile in depth. Ice thus 
foimed by the compacting of snow is distinguished when in 
motion as glacier ice. 

The inland ice of Greenland moves. It flows with imper- 
ceptible slowness under its own weight, like a mass of some 
viscous or plastic substance, such as pitch or molasses candy, in 
all directions outward toward the sea. Hear the edge it has so; 

tliinned that mountain peaks are 
laid bare, these islands in the sea 

'r»" ■“'>™ “ »“<“»■ 

. . ; IJown the valleys of the coastal: 

belt it drains in separate streams of ice, or glaciers. The largest^ 
of these reach the sea at the head of inlets, and are therefore 
called tide glaciers. Their fronts stand so deep in sea water- 
that there is visible seldom more than three hundred feet of the 
wall of ice, which m many glaciers must be two thousand and 
more feet high. From the sea walls of tide glaciers great frag- 
ments break off and float away as icebergs. Thus snows which - 
tell in the mterior of this northern land, perhaps many thou- 
sands of years ago, are carried in the form of icebeigs to melt 
at last in the Horth Atlantic. 

Gieenland, then, is being modeled over the vast extent of 
Its interior not by streams of running water, as are regions in 
warm and humid climates, nor by currents of air, as are" deserts 
to a large extent, but by a sheet of flowing ice. ^¥heit the ice 
sheet IS domg in the interior we may infer from a study of the 
separate glaciers into which it breaks at its edge. 

The smaller Greenland glaciers. Many of the smaUer glaciers 

of Greenland do not reach the sea, but deploy on plains of sand 
and gravel. The edges of these ice tongues are often as abrupt 
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as if sliced away with a knife (Fig. 92), and their structure is 
thus readily seen. They are stratified, their layers representing 
in part the successive snowfalls of the interior of the country. 
The upper layers are commonly white and free from stones ; 
but the lower layers, to the height of a hundred feet or more, 
are dark with debris which is being slowly carried on. So 
tliickly studded with stones is the base of the ice that it is 


Fig. 92. A Greenland Glacier 

difficult to distinguish it from the rock waste wMch 
dowly dragged beneath the glacier or left about its 
ft waste beneath and about the glacier is unsorted. 


f 
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doing what we have seen was done in the recent past in our 
own land. It is carrying for long distances rocks of many 
kinds gathered, we may infer, over a large extent of coimtry. 
It is laying down its load without assortment in unstratified 
deposits. It grinds down and scores the rock over which it 
moves, and in the process many of the pebbles of its load are 
themselves also gxomid smooth and scratched. Since this work 
can be done by no other agent, we must conclude that the 
northeastern part of our own continent was covered in the 
recent past by glacier ice, as Greenland is to-day. 

Valley Glacises 

The work of glacier ice can be most conveniently studied in 
the separate ice streams which creep down mountam valleys in 
many regions such as Alaska, the western mountains of the 
United States and Canada, the Himalayas, and the Alps. As 
the glaciers of the Alps have been studied longer and more 
thoroughly than any others, we shall describe them in some 
detad as examples of valley glaciers in all parts of the world. 

Conditions of glacier formation. The condition of the great 
accumulation of snow to wliich glaciers are due — that more 
or less of each winter’s snow should be left over unmelted and 
unevaporated to the next — is fully met hi the Alps. There is 
abundant moisture brought by the whids from neighbormg seas. 
The currents of moist air driven up the mountain slopes are 
cooled by their own expansion as they rise, and the moisture 
which, they contain is condensed at a temperature at or beloiv 
32° F., and therefore is precipitated in the form of snow. The 
summers are cool and their heat does not suffice to completely 
melt the heavy snow of the preceding winter. On the Alps 
the smow Zme — the, lower limit of permanent snow — is 
drawn at about eight thousand five hundred feet above sea 
level. Above the snow hue on the slopes and crests, where 
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snow 


Fig. Bergschrimd of a Glacier 
in Colorado 


♦ 
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field and at its outlet the granular neve has been compacted 
to a mass of porous crystalline ice. ;Sno5V has been changed 
to neve, and neve to glacial ice, both by pressure, wliioli drives 
the air from the interspaces of the snowflakes, and also by 
successive meltings and freezing's, ^uch as a snowball is packed 
m the warm hand and becomes frozen to a ball of ice. 

The bergschrund. The neve is in slow motion. It breaks 
itself loose from the thinner snows about it, too shallow to share 


Fio. 95. Sea Wall of the Muir Glacier, Alaska 

its motion, and from the rock rim which surrounds it, forming a 
4 eep fissure called the j3 er g sohrund ,,sometimes a score and more 
feet wide (Tig- ^)- 

Size of glaciers. The ice streams of the Alps vary in size 
according to the amount of precipitation and the area of the 
neve fields which they dram. The largest of Alpine glaciers, 
the Aletseh, is nearly ten miles long and has an average width 
of about a mile. The thickness of some of the glaciers of the 
Alps is as much as a thousand feet. Giant glaciei'S moie than 
twice the length of the longest in the Alps occur on the south 
slone of the" Himalaya Mountains, wliich receive frequent 
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precipitations of snow from moist winds from the Indian Ooean. 
The best known of the many immense glaciers of Alaska, the 
Muir, has an area of about eight hundred square miles (Fig. 95). 


E lu. 98. Diagram showing Movement 
of Row of Stakes a, set in a 
direct line across the surface of a 
glacier ; c, and (f, successive 
later positions of the stakes 


Eig . 97. Diagram showing r\I ovement 
of Yertical Row of Stakes a, set 
on side of glacier 


Glacier motion. The motion of the glaciers of the Alps seldom 
exceeds one or two feet a. clay. Large glaciers, because of the 
enormous pressure of their weight and because of less marginal 
resistance, move faster than small ones. The Muir advances at 

the rate of seven 
feet a day, and some 
of the larger tide 
glaciers of Green- 
land are reported 
to move at the ex- 
ceptional rate of 
fifty feet and more 
in the same time. 
Glaciers move faster 
by day than by 
night, and in sum- 
mer than in winter. 
Other laws of glacier motion may be discovered by a study of 
Figures 96 and 97. It is important to remember that glaciers 
do not slide bodily over their beds, but urged by gravity move 
slowly down valley in somewhat the same way as would a 


Fig. 


Crevasses of a Glacier, Canada 






iissii 

sggafMggiiiia;:;: 
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stream of thick mud. Although small pieces of ice 
the large mass of granular ice which composes a 
as a viscous substance. i 


Fig. 99 . Longitudinal Section of a Portion of a Fjg. 100 . Map View of 
Glacier, showing Transverse Crevasses Marginal Crevasses 

Crevasses. Slight changes of slope in the glacier bed, and the differ^ 
ent rates of motion in different parts, produce tensions under which the 
ice cracks and opens in great fissures called crevasses.| At an abrupt 
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descent in the bed the ice is shattered into great fragments, which 
unite again below the ieef all. Crevasses are opened on lines at right 
angles to the direction of the tension. Transverse crevasses are due to a 
convexity in the bed which stretches the ice lengthwise (Fig. 99). 2 far- * 
ginal are directed upstream and inwards; radial crevasses are 

found where the ice stream deploys from some narrow valley and 
spreads upon some more open space. What is the direction of the 
tension which causes each and to what is it due? (Figs. 100 and 101.) 



Fig. 102. Map View of 
the Junction of Two 
Branches of a Glacier 

The moraines are repre- 
sented by broken lines 


. JLateraL and^ m moraiaes. The surface of a glacier is 
striped lengthwise by long dark hands of rock debris. Those in 
the center are called the medial mo- 
raines. The one on either margin is a 
lateral moraine, and is clearly formed of 
waste wlricli has fallen on the edge of 
the ice from the valley slopes. A medial 
moraine cannot be formed in this way, 
since no rock fragments can fall so far 
out from the sides. But following it 
up the 'glacial stream, one finds that a 
medial moraine takes its beginning at 
the junction of the glacier and some 
tributary and is formed by the union 
of their two adjacent lateral moi-aines (Fig. 102). Each branch 
thus adds a medial moraine, and by counting the number of 
medial moraines of a trunk stream 
one may learn of how many 
branches it is composed. 

Surface moraines appear in the ^^3 
lower course of the glacier as 
ridges, which may reach the ex- 
ceptional height of one hundred 
feet. The bulk of such a ridge is ice. It has been protected 
from the sun by theymesr of moraine stuff; while the glacier- 
surface on either side has melted down at least the distance of 


m m 






Cross Section of a 
Glacier sliownng Lateral Mo- 
raines and Medial Mo- 
raines m, m 
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tlie lieiglit of the ridge. In summer the lowering of the ghuinl 
surface by melting goes on rapidly. In Swiss glaciers it has ham 
estimated that the a,verage lowering of the surface ])y melting 
and evaporation amounts to ten feet a year. As a iiKjraiiie ridge 
grows Mgher and more steep by the lowering of the surface of 
the surrounding ice, the stones of its cover tend to slip down 


Fig. 104. Glacier with Medial Moraines, the Alps ' 

Is the ice moving from or towards the observer? ’ 

its sides. Thus moraines broaden, until near the terminus of a 
glacier they may coalesce in a wide field of stony waste. 

Englacial drift. This name is applied to whatever de])ris is 
carried within the glacier. It consists of rock waste fallen on 
the neve and there buried by accumulations of snow, and of 
that engulfed in the glacier wliere crevasses have o}')ened ])eneatli 
a surface moraine. As the surface of the glacier is loAvered by 
melting, more or less englacial drift is brought again to open 
air, and near the terminus it may help to bury the ice from 
view beneath a sheet of debris. 
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. The ground moraine. Tlie drift dragged along at tlie gla- 
*_,cier’s base and. lodged beneath it is known as the ground nio- 
, lahie. Part of the material of it has fallen down deep ertivasses 
and part, has been torn and worn from the glacier’s lied and 
banks. While the stones of the surface moraines remain as 
angular as when they lodged on the ice, many of those of the 
ground moraine have been blunted on the edges and faceted 
and scratched by being ground against one another and the 
rocky bed. 

In glaciers such as those of Greenland, whose basal layers are well 
loaded with drift and whose surface layers are nearly clean, different 
layers have different rates of motion, according to the amount of drift 
with which they are clogged. One layer glides over another, and the 
stones inset in each are ground and smoothed and scratched. Usually 
the sides of glaciated pebbles are more worn than the ends, and the 
scratches upon them run with the longer axis of the stone. Why ? 

; terminal iaoraine. As a glacier is in constant motion, it 
■brings to its end all of its load except sucli parts of the ground 
. moraine as may find permanent lodgment beneath the ice. 

I Where the glacier front remains for some time at one place 
i there is formed an accumulation of drift known as the terminal 
I morame. In valley glaciers it is shaped by the ice front to a 
1 ..crescent whose X downstream. Some of the peb- 

bles of tlie terminal moraine are angular, and some are faceted and 
scored, the latter having come by the hard road of the ground 
moraine. The material of the dump is for the most part 
unsorted, though the water of the melting ice may find oppor- 
turnty to leave patches of stratified sands and gravels in the 
midst of the iinstratified mass of drift, and the finer material 
IS m places washed away. 

Glacier drainage. Tlie terminal moraine is commonly breached 
by a considerable stream, which issues from beneath the ice 
y a tunnel whose portal has been enlarged to a beautiful 
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y hy melting in the sun and the warm air (Fig. 107). Tlie 
is^ gray with silt and loaded with sand and gravel washed 
-6 gimnid moraine. Glacier milk ” the Swiss call this 
water, the gray color of whose silt proves it rock flour 
ground by the ice from the unoxidized sound rock of its 


Fig. 106. Heavy Moraine about the Terminus of a Glacier in the 
Rocky Mountains of Canada 

Account for the fact that the morainic ridge rises considerably above the 
surface of the ice 

bed, the mud of streams being yellowish when it is waslied 
from the oxidized mantle of waste. .,>Since_glaeial streams ^ a 
wen..lQaded_with .j^^^^^ to vigorous ice ei*osion, the valley 

jn front of -the glacier is commonly aggraded to a ])road, flat 
floor. These outwjasli deposits are known as 'vaUeij drift 

The sand brought out by streams from l)eneath a glacier differs from 
river sand in that it consists of freshly broken aiignlar grains. Why? 

The stream derives its water chiefly from the surface melting of 
the glacier. As the ice is touched by the rays of the morning sun in 



siiiniiier, water gathers in j^ools, and rills trickle and iinite in l>rot>klels 
whicli melt and cut shallow channels in the l>liie ice. Tin) coiir>s<t of 
these streams is short. Soon they plunge into deep wells cut hy their 
whirling waters where some crevasse has begun to open across their 
path. These wells lead into chambers and tunnels by which sooner 
or later their waters find way 

and deepest neves and those Thj. 107. subgiacuii snvani issuing 
also whicli are best protected 

from the sun by a northward exposure or by tlie depth of their 
inclosing valleys flow to lower levels than those whose supply 
is less and whose exposure to. the siin is gi'eater. 

A series of cold, moist years, with an ahimdant snowdall, 
causes glaciers to thicken and advance; a series of \va 1 * 111 , dry 
years causes them to wither and melt l)ack. The variation 
in glaciers is now carefully oliserved in many ])arts of the 
world. The Muir glacier has retreated two miles in twenty 
years. The glaciers of the Swiss Alps are now for tlie most part 
melting back, although a well-known glacier of tlie eastern 
iVlps, the Vernagt, advanced live liiindred feet in the year 
1900, and was then plowing up its terminal moraine. 

How soon would you expect a glacier to advance after its m'na- fields 
have been swollen with imusiially heavy snows, as compared with the 
time needed for the flood of a large river to reach its mouth after 
heavy rains upon its headwaters? 
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On the surface of glaciers in summer time one may often see large 
stones supported by pillars of ice several feet in height (Fig. 108). 
These glacier tables commonly slope more or less strongly to the 
south, and thus may be used to indicate 
roughly the points of tlie compass. Can you 
explain their formation and the direction 
of their slope ? On the other hand, a small 
and thin stone, or a patch of dust, lying 
on the ice, tends to sink a few inches into it. 
Why? 

In what respects is a valley glacier like a mountain stream wdiich 
flows out upon desert plains? 

Iwo confluent glaciers do not mingle their currents as do two con- 
fluent rivers. What characteristics of surface moraines prove this fact? 

What effect would you expect the laws of glacier motion to have 
on the slant of the sides of transverse crevasses ? 


Fig. 108. A Glacier Table 



Fig. 109. Map of Malaspina Glacier, Alaska 

A trunk glacier has four medial moraines. Of how many tributaries 
is it composed? Illustrate by diagram. 

State all the evidences which you have found that glaciers move. 

If a glacier melts back with occasio^^.-' pauses up a valley, what 
records are left of its retreat ? ' '' ' 
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Piedmont Glaciebs 

The Malaspina glacier. Piedmont (foot of the mountain) 
glaciers are, as the name implies, ice fields formed at the foot of 
mountains by the confluence of valley glaciers. The lilalasiiina 
glacier of Alaska, the typical glacier of tliis kind, is seventy 
imles wide and stretches for tliiity miles from tJie foot of the 
Mount Saint Elias range to the shore of the Paciflc Ocean. Tlie 
valley glaciers which unite and spread to form this lake of ice lie 
above the snow line and tlieir moraines are concealed beneath 
iieve. The central 
area of the Malas- 
I)ina is also free 
. from debris; but 
on the outer edge 
laige quantities of 
englacial drift are 
exposed by surface 
melting apd form a 
belt of morainic 
waste a few feet 
thick and several 
miles wide, covered 
in part with a lux- 
uriant forest, he- 


Ihii. 110. Oiitwasli Plain, tlio Delta of the 
Yahtse River, Alaska 


neath which the ice is in places one thousand feet in depth. 
The glacier here is practically stagnant, and lakes a few hufldred 
yards across, which could not exist were the ice in motion and 
broken with crevasses, gather on their beds sorted waste from 
the^ moraine. ^ The streams wliich drain the glacier have cut 
their courses in englacial and subglacial tunnels ; none flow for 
any distance on the surface. Tlie largest, the Yahtse Eiver 
issues from a high archwin the,ice,~a muddy torrent one’ 
hundred feet wide and feet deep, loaded with sand and 
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stones wMch it deposits in a broad outwasli plain (Fig. 110). 
AVliere the ice has retreated from the sea there is left a liiiiii-- 
nioclvj drift sheet with hollows filled with lakelets. These 
deposits help to explain similar hummocky regions of drift 
and similar plains of coarse, water-laid material often found in 
the drift-covered area of the northeastern United States. 


The Geological Woek of Glacier Ice 


The sluggish glacier must do its work in a different way 
from the agile river. The mountain stream is swift and small, 
and its channel occupies but a small portion of the valley. 
The glacier is slow and big; its rate of moticm may be 
less than a millionth of that of running water over the same 
declivity, and its bulk is proportionately large and fills the 
valley to great depth. Moreover, glacier ice is a solid body 
plastic under slowly applied stresses, while the water of rivers 
is a nimble fluid. 

Transportation. Valley glaciers cUffer from rivers as carriers 
in that they float the major part of their load upon their surface, 
transporting the heaviest bowlder as easily as a grain of sand ; 
while streams push and roll much of their load along their beds, 
and their power of transporting waste depends solely upon their 
velocity. The amount of the surface load of glaciers is limited 
only by the amount of waste received from the mountain slopes 
above them. The moving floor of ice stretched high across a 
valley sweeps along as lateral moraines much of the waste 
which a mountain streaim would let accumulate in talus and 
alluvial cones. \ 

While a valley glacier carries much o^^ its load on top, an ice 
sheet, such as that of Greenland, is free from surface debris, 
except where moraines trail away from some nunatak. If at its 
edge it breaks into separate glaciers which drain down mountain 
valleys, these tongues of ice will carry the selvages of waste 
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eomiiiQii to valley glaciers. Both ice sheets a! id valley glaeiio‘S 
drag on large/ qiiantities of rock waste in their ground iiioiniiies. 

Stones trans])orted liy glaciers aiti sinuetiines calhal erratirs. 
Such are tlie liowlders of tlie drift of our norllierii states. 
Erratics may be set down in an insecure position on the melting 
of the ice. 

Deposit, Little need be added here to what lias already been 
said of ground and terminal moraines. Ail strictly glacaal 
deposits are unstratilied. Tlie load laid down at tlic end of a 
glacier in the terminal moraine is loose in texture, while thii 
drift lodged beneath the glacier as ground moraine is often an 
extremely dense, stony clay, having been compacted under the 
pressure of the overriding ice. 

Erosion. A glacier erodes its bed and banks in two ways, — 
by abrasion and by plucking. 

The rock bed over which a glacier has moved is seen in places 
to have been abraded, or ground away, to smooth surfaces which 
are marked by long, straight, parallel scorings aligned with the 
line of movement of the ice and varying in size from hair lines and 
coarse scratches to exceptional furrows several feet deep. Clearly 
tills work has been accomplished by means of the sharp sand, 
the pebbles, and the larger stones with which the base of the 
glacier is inset, and which it holds m a firm grasp as running 
water cannot. Hard and fine-grained rocks, such as granite and 
(piartzite, are often not only ground down to a smooth surface 
but are also highly polished by means of fine rock flour worn 
from the ghicier b€id. 

In other places the bed of the glacier is rough and torn. The 
rocks have been disrupted and their fragments have been carried 
away, — a process known as phtclmuj. Moving under immense 
pressure the ice shatters the rock, breaks off projections, presses 
into crevices and wedges the rocks apart, dislodges the blocks 
into which the rock is divided by joints and bedding planes, and 
freezing fast to the fragments drags them on. In this work the 
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fre^ 32 ing and tliawiiig of siibgiacial waters in any cracks and 
crevices of the rock no doubt play an important part. Pluck- 
ing occurs especially where the bed rock is weak because of 
close jointing. The product of plucking is bowlders, while the 
product of abrasion is fine rock flour and sand. 

Is the ground moraine of Figure 87 due chiefly to abrasion or to 
plucking? 

Roches moutonn^es and rounded hills- The proininences left 
between the hollows due to plucking are commonly ground 

down and rounded on 
the stoss side, — the 
side from which the ice 
advances, — and some- 
times on the opposite, 
the lee side, as well. In 
this way the bed rock 
often comes to have a 
billowy surface known 
as roches moutonndes 
(sheep rocks). Hills 
overridden by an ice 
sheet often have simi- 
larly rounded contours on the stoss side, wliile on the lee side 
they may be craggy, either because of plucking or because here 
they have been less worn from their initial profile (Fig. 112). 

The direction of glacier movement. The direction of the flow 
of vanished glaciers and ice sheets is recorded both in the dif- 
ferences just mentioned in the profiles of overridden liills and 
also in the minute details of the glacier trail. 

Flint nodules or other small prominences in the bed rock are 
found more worn on the stoss than on the lee side, where indeed 
they may have a low cone of rock protected by them from 
abrasion. Cavities, on the otlier hand, have their edges worn on 
the lee side and left sharp upon the stoss. 











THE WORK OP GLACIEUS 


Surfaces W)rii a,ii(l loi’ji in the ways wliicli we hav(‘. uh miaiuni 
are said to hkt j/lmiaf a L P)iit it luust uot 1 h ‘. su|)j)ose(l lliai a 
glacier eveiywhere glaciates its laul Altliough in places it acts 
as a rasp or as a pick, in others, and especially where its ])ressure 
as near the terniinus, it moves over its bed in tlie maiinta* 

glaciers have advaiieed 
gravel without distiirhing them to 
•/a glacier does not everywliere 


is least 

of a sled. Instances are known where 
over deposits of sand and 
any notable degree. Like a river 

erode. In ])laces it 

.leav^es its bed un- 
disturbed and in 

places aggrades it - 

by deposits of the : 
ground nioraine. 

......Cirques. ^ Valley 

glaciers coininonly — — 

head, as we have Ei(;. 112. a Gladatocl Ilill, Xorway. SIiar])Wcath- 
Seen in hl’oad am— eicil Mouutciui leaks m tlie Distance 

pliitlieaters deeply filled with snow and ice. On mountains now 
destitute.- of glaciers, but whose glaciation. shows that they have 
-suppoited glaciers in the past, there are found similar crescentic 
hollows with high, precipitous walls and glaciated floors. Their 
flo()i*s are .often basined and hold lakelets whose deep and quiet 
waters reflect the slieltering ramj)arts of nigged ]*ock wliieli 
tower far above them. Such mountain hollows are termed 
cinques. As a powerful spring wears liaek a recess in the val- 
ley side whei*e it discharges, so the fountain liead of a glacier 
gradually wears hack a cirque. In its slow movement the neve 
held broadly scours its lied to a flat or basined floor, Mean- 
wliile the sides of tlie valley head are steepened and driven back 
to preeii)itous walls. For in winter the crevasse of the be.rg- 
schrund wliicli surrounds the neve field is filled with snow and 
tlie neve is frozen fast to the rocky sides of the valley. In early 
summer the neve tears itself free, dislodging and removing 
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tiiiy loosGiied blocks, and tliG open fissure nf tlu'- lH‘i'L>'s<']iruiid 
allows frost and otlier agBiicies of weal laal 11 * 4 ' to attack iht' un- 
protected rock As cirques are tbus fornuMl and enlarged the 
peaks beaieath which they lie are shaipened, an<l th<i mountain 
crests are scalloped and cut back from either side to knife-edged 
ridges (Figs. 113 and 93). 

In the western mountains of the lhiite<l Stales many ciipue.s, 
now empty of nevA and glacier ice, and known locally as 
“basins,” testify to tlie fact that in recent, times the snow line 
stood beneath the levels of their floors, and tlius far below its 
pi*esent altitude. 

Glacier troughs. The channel worn to aiafiuiniio tlie big 
and clumsy glacier differs markedly from tlie rive/i* valley cut 


Fi<i. 114. A Glacier Trough, Montana 


as with a saw by the narrow and liexilde stream and widened 
hy the weather and the w^asli of rains, Tlie valley glacier may 
easily be from one thousand to three tliousand feet deep and 
from one to three miles wide. Such a ponderous hulk of slowiy 
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moving ice- does not readily adapt itself to sharp turns and a 
narrow bed, scouring and plucking ail resisting edges it cle- 
velops'a fitting channel wdth a wide, flat floor, and steep, smooth 
sides, above wliich are seen the weathered slopes of stream-worn 
mountain valleys. Since tlie trunk glacier re({uires a deeper 
channel than do its branches, the bed of a branch glacier enters 
the main trough at some distance' above tlie floor of the latter, 


Fig. 115. Lynn Canal, Alaska, a Fjord 

although the surface of the two ice streams may be accordant. 
Glacier troughs can be studied best where large glaciers have 
recently melted coihpletely away, as is the case in many valleys 
of the mountains of the western United States and of central 
and northern Europe (Fig. 114). The typical glacier trougl^^ as 
sliown in such examples, is U-shaped, with a broad, flat floor, 
and liigh, steep walls. Its walls are little broken by projecting 
spurs and lateral ravines. It is as if a V-valley cut by a river 
had afterwards been gouged deeper with a gigantic chisel, wid- 
ening the 'floor to the width of the cMsel blade, cutting back the 
spurs, and smoothing and steepening the sides. A river valley 
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could only be as wide-floored as tliis after it Iiad ionn’ l)ecu 
.. worn, down to grade. 

Tlie floor of a glacier trough may not be grailed; it is often 
interrupted by irregular steps perhaps hundreds and even a 
thousand feet in height, 
over which the stream that 
now drains the valley tum- 
bles in waterfalls. Beaches 
between the steps are often 
b a s i n e d. Lakelets m a y 
occupy hollows excavated 
in solid rock, and other lakes 
may be held behind terminal 
moraines left as dams across 
the valley at pauses in the 
retreat of the 


Fjords are glacier troughs 
now occupied in part or wholly 
by the sea, either because they 
were excavated by a tide glacier 
to their present depth below 
sea level, or because of a sub- 
mergence of the land. Their 
characteristic form is that of a 
long, deep, narrow bay with 
steep rock walls and basined 
floor (Fig. 115). Fjords ai'e 



Fm. 116. A, V-River Valley, with Valley 
of Tributary joining it at Aceoniant 
Level ; R, the Same changed after 
Long Glaciation to a Glacier Trougli 
with Hanging Valley 


found only in regions which have' suffered glaciation, such as Norway 
and Alaska. 

Hanging valleys. These are lateral valleys wliich. open on 
their main valley some distance above its floor, '"They are coii- 
spicivous features of glacier troughs from wliich. the ice lias van- 
ished; for the trunk glacier in widening and deepening its 
channel cut its bed below the bottoms of the lateral valleys 
(Fig. 116). 
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Since tlie iiioiitlis of hanging valleys are suspended on the 
walls of the glacier trough, their streams are eompelled to 
plunge down its steep, high sides in waterfalls. Some of the 
loftiest and most beautiful waterfalls of the world leap from 
hanging valleys, — - among them the celebrated Staubbach of the 
Lauterbrunnen valley of Switzerland, and those of the fjords 
of Norway and Alaska (Fig. 117). 

Hanging valleys are found also in river gorges where the 
smaller tributaries have not been able to keep pace with a 

strong: master stream in 



cutting down tlieir beds. 


Fig. 117. Hanging Valley on tlie Wall of 
a Fjord, Norway 


In this case, however, 
they are a mark of ex- 
treme }n)uth ; for, as the 
trunk stream approaclies 
grade and its velocity 
and power to erode its 
bed decrease, the side 
streams soon cut back 
their falls and wear 
their beds at their 
mouths to a common 
Tire Grand Canyon of the 


level with that of the main river 
Colorado must be reckoned a young valley. At its base it nar- 
rows to scarcely more than the widtli of the river, and yet its 
tributaries, except the very smallest, enter it at a common level. 


Why could not a wide-floored valley, such as a glacier trough, with 
hanging valleys opening upon it, be produced in the normal develop- 
ment of a river valley ? 

The troughs of young and of mature glaciers. The features of a glacier 
trough depend much on tlie length of time the preexisting valley was 
occupied with ice. During the infancy of a glacier, we may believe, the 
spurs of the valley which it fllls are but little blunted and its bed is 
but little broken by steps. In youth the glacier develops icefalls, as a 
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river in youth flevelop.s v^atorfalls, and its bed becomes terrac(‘d wii h .i:;’reat 
stairs. Tho mature ^i^hicier, like the mature river, has eiTace<] its falls anti 
smoothed its bed to grade. It has also worn back the ]>rojecting’ spurs 
of its valley, making itself a wide channel with smooth sides. The bed 
of a mature glacier may form a long basin, since it a])radt‘s most in its 
upper and middle course, where its weight and motion are the greatest. 
Kear the terminus, where weight and motion are the least, it* erodt^s 
least, and may insteatl deposit a sheet of ground moraine, much us a 
river ])uilds a, flood plain in the same part of its course as it approacdies 
maturity. The bed of a mature glacier thus tends fo take tin* form of a. 
long, relaJively nan*ow l)asin, across whose lower end may he sti'idcluMl 
the daiJ) of tlie terminal moraine. On the disappearance of the ice the 
basin is filled with, a long, narrow lake, such as Ltdm. Cludan in Wash- 
ington and many of the lakes in tlie Highlands of Scotland. 

Fiedinont glaciers apparently erode but little. Remuilli their lake- 
like expanse of sluggisli or stagnant ice a broad sheet of ground 
moraine is probably being deposited. 

Cirques and glaciated valle}%s rapidly lose their characteris- 
tic foriiis after tlie ice has withdrawn. The weather destroys 
all smoothed, polished, and scored surfaces which are not pro- 
tected beneath glacial deposits. The oversteepened sides of the 
trough are graded by landslips, by talus slopes, and by alluvial 
cones. Morainic heaps of drift are dissected and cariled awa^'. 
Hanging valley's and the irregular bed of the trough are ])oth 
worn down to grade by the streams which now occupy them. 
The length, of time since the retreat of the ice from a mountain 
valley may thus be estimated by the degree to wliich the destruc- 
tion of tlie characteristic features of the glacier trougli has been 
carried. 

In Figure 104 what characteristics of a glacier trough do you notice ? 
Wliat inference do you draw as to the former thickness of the glacier? 

Name all the evidences you would expect to find to ]>rove the fact 
that in the recent geological past the valleys of the Alps contained far 
larger glaciers than at present, and that on the north of tlie Alps the 
ice streams unite<l in a piedmont glacier which extended acroSvS tlie 
plains of Switzerland to Hie sides of tlie Jura Mountains, 
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The relative importance of glaciers and of rivers. Powerful 
as glaciers are, and marked as are the land forms which they 
produce, it is easy to exaggerate their geological nnportaiice as 
compared with rivers. Under present climatic conditions they 
are confined to lofty mountains or polar lands. Polar ice 
sheets are permanent only so long as tlie lands remain on 
which they rest. Mountain glaciers can stay only the brief 


time during which tlie ranges continue voiing and high. As 



■a 


Fig. 118. Longitudinal Section of a Tide Glacier occu- 
pying a Fjord and discliarging Icebergs 


Dotted line, S'ea level 


lofty mountains, 
such as the Sel- 
kirks and the 
Alps, are lowered 
hy frost and 
glacier ice, the 
snowfall will de- 
crease, the line 
of permanent 
snow will rise. 


and as the mountain hollows in wdiich snow may gather are 


worn beneath tlie snow line, the glaciers must disappear. Under 


other agencies. 


On the other hand, rivers are well-nigh nniversally at work 
' over the land surfaces of the glolie, and ever since the dry land 
appeared they have been constantly engaged in leveling the 




present climatic conditions the work of glaciers is therefore both 
local and of short duration. 

Even the glacial epoch, during which vast ice sheets depos- 
ited drift over northeastern ISTorth America, must have been 
brief as well as recent, for iiiany lofty mountains, such as the 
Kockies and the Alps, still bear tlie marks of great glaciers 
which then filled their valleys. Had the glacial epoch been 
long, as the earth counts time, these mountains would have 
been worn low by ice ; had the epoch lieeii remote, the marks 
of glaciation would already have been largely destroyed b}^ 
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eontiiients and in delivering to the seas the wasii‘- wiiieh. tiu*r(‘ 
is built into the stratified rocks. 

Icebergs. Tide glaciers, such as those of Greeidaisl and ..Vlaska, 
are able to excavate their beds to a considerable distance below 
sea level. From their fronts the buoyancy of sea Nvaler raises 
and ])reaks away great masses of ice wdiich float out to sea as 
icebergs. Only almit one seventh of a mass of glacier ice floats 
abo\'e the surface, and a berg three hundred feet liigh may he 
estimated to have been detached from a glacier not less than 
tw() t la atsand feet thick where it met the sea. 

hxTergs transport on their long journeys what ewa- flilft tliey 
ina}' have carried when part of the glacier, and s<'att;ei‘ it, as 
they melt, over the ocean floor. In this way pe])hlcs torn b\' the 
inland ice from the rocks of the interior of Greenland and gla- 
ciated during their carriage in the ground iTioraiue are drojjped 
at last among the oozes of the bottom of the Horth Atlantic. 





THE WORK OF THE WIND 


We are now to stiidy the geologi(3al work of the currents of 
tlie atmosphere, and to learn how they erode, and transport and 
deposit waste as they sweep over tlie land. Illustrations of the 
’wind’s work are at hand in dry weather on any windy da}'. 

Clouds of dust are raised 

from the street and 
driven along by the gale. 
Here the roadway is 

Fig. 110. A Sandy Regioii in a Desert, window. In the 

the Saliara country one sometimes 

Account 1*01* the mounds of sand on which the SCCS tlie dust whirled ill 
clumps of brush are growing clouds flW dry, plowed 

lields in sjuing and left in the lee of fences in small drifts 
resembling in form those of snow in winter. 

The essential conditions for the wind’s conspicuous work are 
illustrated in these simple examples ; they are aridity and the 
alnsence of vegetation. In humid climates these conditions are 
only rarely and locally met; for tlie most part a thick growth 
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of ve.u'etation FroUM^ls the moist soil from the wind \villi a ('over 
<>r It'aves and stems aiui a/ mattress of interla(‘in,u' roots. Eut 
in aril! regions either vegetation is wholly la.eking, or semit 
growths ai‘e found liiiddled in detached clumps, leaving inter- 
spaces of unprotected ground (Fig. 119). Heie, toi), the mantle 
of waste/which is formed chiefly under the action of tem])erature 
clianges, remains dry and loose for long periods. Little or no 
moisture is present to cause its particles to cohere, and they 
are therefore readily lifted and drifted by the whid. 

Transportation BY the Wind 

In the desert the flner waste is continually swept to and fro 
by the ever-shifting wind. Even in quiet weather tlie air heated 
by contact with the hot sands rises in wluiis, and the dust is 
lifted in stately columns, sometimes as much, as one tliousand 
feet in height, which march slowly across the plain. In storms 
the sand is driven along the ground in a continuous sheet, 
while' the air is fllled with dust. Explorers tell of sand storms 
in the deserts of central Asia and Africa, in wliich tlie air grows 
murky and suffocating. Even at midday it may become dark 
as night, and nothing can be heard except tlie roar of the 
blast and the whir of myriads of grains of sand as they fl}' 
past the ear. 

Sand storms are by no means nncommon in the arid I'egions of 
the western United States. In a recent year, six \Yere I'eported from 
Ynina, Arizona. Trains on transcontinental railways are occasionally 
blockaded by drifting sand, and tlie dust sifts into clovsed passenger 
cnaclies, covering the seats and floors. After sucli a slorni, thirteen car 
loads of sand were removed from the platform of a station on a w'estern 
■Taihvay. ' 

Dust falls. Dust laimclied by upward-whirling winds ou the 
swift currents of the upper air is often blown for hundreds of 
miles be}^!^! the arid region from which it was taken. Dust 
falls from ^vesteni storms are not unknowm even as far east as 





the Great, Lak^. In 1896 a ^G)lack snow” fell in Chicago, 
and in another dust storm in the same decade the ariioiint of 
dust carried in the air over liock Island, 111., was estiinated at 
more than one thousand tons to the cubic mile. 


Fig. 120. A Tract of Rocky Desert, Arabia 

By what process have these rocks been broken up? Why is finer 
waste here absent ? 


In Marcli, 1901, a cyclonic storm carried vast quantities of dust from 
the Sahara northward a^^^^ ]\Iediterranean to fall over southern 

and central Europe. On March 8th dnst storms raged in southern 
Algeria ; two days later the dust fell in Italy ; and on the llth it 
had reached central Germany and Denmark. It is estimated that in 
these few days one million eight hundred thousand tons of waste were, 
carried from northern Africa and deposited on European soil. i 

We may see from these examples the importance of the wind 
as an agent of transportation, and how vast in the aggregate 
are the loads which it carries. There are striking differences 
between air and water as carriers of waste. Eivers flow in fixed 
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and narrow channels to definite goals. The chuniudless slivuius 
of the air sweep across broad areas, and, shifting about continu- 
ally, carry their loads back and forth, now' in one directicni ami 

now in another. 


Wind Deposits 


The mantle of waste of deserts is rapidly sorted by the wind. 
The cearser rubbish, too heavy to be lifted into the air, is left 
to strew wide tracts with residual gravels (Fig. 120). The sand 
derived from the dishitegration of desert rocks gatliers in vast 
acids. A])out one eightlx of the surface of the 8almra is sai<l 
to he tlius covered with, drifting sand. In desert mountains, as 
lin.)se of Sinai, it lies like fields of snow in tlie high \'alle}\s 
below the sharp peaks. On more level tracts it a(.anrmula.tes 
in seas of sand, sometimes, as in the deserts of Arabia, two 
' Jiundi'ed and more feet deep. 

Dunes. Ihe sand thus accumulated by tlie wind is heaped 
ill wavelike hills called dunes. In the desert of northwestern 
India, where the prev- 


alent wind is of great 


strength, the 


sand is 


longitudinal 


laid in 
dunes, i.e. in stripes 
r u n n i n g parallel with 
.‘tlie direction of the 
^ wind ; but coinmonly 
dunes lie, like ripple 
marks, transverse to the 
wind current. On the 
windward sid^ they 



Fig. 121. Longitudinal Diintbs, Desert of 
N ortliwesteni 1 1 id ia 


Scale, 1 incli = 3 miles 
slunv.a^long, gentle slojie, up which grains of sand can readily 
be moved; while to the lee their slope is frecpiently as great 
as tlie angle of repose (Fig. 122). Dunes whose sands are not 
fixed by vegetation travel slowly with the wind; for tlieir 
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— material is ever 

sliifted forward as 

Fkj. ]22. A Transverse* Dune, Sev(‘n Mile Hea(*li, 

New Jersey Like river deposits, 

Aceoant for the (lifference of slope in the two sides of willd-blo WMl sailds 

since 

ripple marks upon tlie dune extend along it or tliey are laid by cur- 
athwart it ? AVliy? j i* . 

■ rents or air varying 

in intensity, and therefore in transporting power, wdiicli carry 
now finer and now coarser materials and lay them down where 
their velocity is 
checked (Fig. 123). 

Since the wind varies 
in direction, the 
strata dip in vari- 
ous directions. They 
also dip at various 
angles, according to 
the inclination of the 
surface on wthich 
they were laid. 

Dunes occur not 
(hily in arid regions 
b lit also wherever 
loose sand lies un- 
protected liy vegeta- 
tion from the wind. 

From the lieaches of 


Eio. 123. Stratilied ’W^'ind-Blowii Sands, 
Bermuda Islands 

These islands are made wholly of limestone, the prod- 
uct of reef-hiiilding (morals, and of plants which 
also secrete carbonate of lime from the sea water. 
The limestone sand of the beaches has been blown 
up into great dunes, some more than two hundred 
feet in height. Much of the loose dune sand lias 
been elianged to firm rock by per(.'olating waters, 
which have dissolved some of the limestone and 
deposited it again as a cement between the grains 
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sea and lake sliores the wind drives inland the surl'a 
left drj- between tides and after storms, piling it in dune 
may invade forests and fields and 
bury villages beneath their slowly 
advancing waves. On flood plahis Kn, 
during summer droughts river de- 
posits are often worked over by 
the wind ; the sand is heaped in 
hummoeks aiid much of the fine 
silt is caught and held by the forests and gra.ss; 
bordering hills. 

The sand of .shore dunes differs little in compc: 
shape of its grains from that of the beach from 


( ’ross Section of "rmiKS- 
verne Dune afttn* Hevei’sal of 
Wind 

Redraw diaurain, showing hy 
dotted line tlie original outline 
of the diine 


Account for the dead forest, for its leaning tree trunks. Is the lake shore 
to the right or left? \¥hat has keen the History of the landscape? 

derived. But in deserts, by tlie long wear of grain on grain as 
tlie}' are Idown hither and thither by the wind, all soft iniiierals 
are ground to powder and tlie sand comes to consist almost 
wholly of smooth round grains of hard quartz. 
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Some marine sandstones, such as the St. Peter sandstoiie of 
the tipxjer Mississippi yalle}-, are composed so entirely of polished 
spherules of quartz that it has been believed by some that their 
grains were long blown about in ancient deserts before they were 
deposited in the sea. 

Dust deposits. As desert sands are composed almost wholly 
of quartz, we may ask what has become of the softer minerals 
of which the rocks whose disintegration has supxdied the sand 

were in part, and 
often in large part, 
composed. T he 
softer minerals have 
been ground to 
X)Owder, and little 
by little the quartz 
sand also is worn by 
attrition to fine dust. 
Y"et dust deposits are 
scant and few in 
great deserts such 
as the Sahara. The 
liner waste is blown 
beyond its limits and 
laid in ad jacent oceans, where it adds to the muds and oozes of 
their floors, and on bordering steppes and forest lands, where it 
is l>ound fast by vegetation and slowly accumulates in deposits 
of unstratified l<x)se yellow earth. The fine waste of the Sahara 
lias ])een identified in dredgings from the bottom of the Atlantic 
Ocean, taken hundreds of mile, finin the coast of Africa. 

Loess. In northern China ai\ area as large as France is deeply 
covered with a yellow pulverulent eartli called loess (German, 
loose), which many consider a dust deposit blown from the great 
Mongolian desert lying to the west. Loess mantles the recently 
uplifted mountains to the height of eight thousand feet and 



Fkj. 120. Crescentic Sand Dunes, Valley of the 
Columbia liiver 

Did the wind which shaped them blow from the left 
or from the right ? 
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Wind Erosion 


Fjg. 127. Wind-Carved Kooks, Arizona 

tSand-ladeu currents of aW abrade and si)iO( 
expo-sed rock surfacesractiug ia.mucli the same v 
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jet of steam fed with, sharp sand, wli id i. is used in the maiiii- 
actuie of ground glass. Indeed, in a single storm at Cape God 
a plate glass of a lighthouse was so ground by flying sand that 
its transparency was destroyed and its removal made necessary. 

Telegraph poles and wires whetted by wind-blown sands are 
destroyed within a few years. In rocks of unequal resistance the 

harder parts are left in relief, w'hile the 
softer are etched away. Thus in the pass 
of San Bernardino, Cal., throiigli wdiicli 
strong' winds stream from tlie "west, crys- 
tals of garnet are left projecting on deli- 
cate rock fingers from the softer rock in 
wliich they were imbedded. 

i ad-carved pebbles are characteristic- 
. 'i" ally planed, the facets meeting along a 
summit ridge or at a point like that of 
a pyramid. We may suppose that these 
o facets were ground by prevalent winds 
1: ; certain directions, or that from time 
to time the stone was undermined and 
Fig. 128. A Wind-Carved over as the sand beneath it was 

Pebble, Cape Cod blown away on the windward side, thus 

exposing fresh surfaces to the driving 
sand. Such wind-carved pebbles are sometimes found in ancient rocks 
and may be accepted as evidence that the sands of which the rocks are 
composed were blown about by the wind. 

Deflation. In the denudation of an arid region, wind erosion 
IS comparatively ineffective as compared with deflation (Latin, 
de, from ; ^flare, to blow), — a teim by which is meant the con- 
stant removal of waste by the wind, leaving the rocks hare to 
the contmuous attack of the weather. In moist climates denu- 
dation is continually impeded by the mantle of waste and its 
cover of vegetation, and the land surface can be lowered no 
faster than the waste is removed by running water. Deep 
soils come to protect all regions of moderate slope, 
concealing from view the rock structure, and the various forms 
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ot tli6 Jtiiid tire due more to tlie fti^encies of erosion 
portation than to dift'ereuces in tlie resistance of ( 
lying roclcs. 

But in arid regions the mantle is rapidly removed, 
well-nigh level pdains and plateaus, by the sweep of 
and tlie wasli of occasional rains. The geological st 
these regions of naked rock can be read as far as the (o 
and it is to this structure that the forms of the land 






Fid. 129. Mesa Verde, Colorado 

III tlie distance on the left are hi.i^h volcanic moun 
treme right are seen outliers of strata which once c< 
the mesa 

largely due. 

any softer surface rocks wear down to 
ant stratum, and tliis for a w 
plateau (Kg. 129). The edges of the capping layer, together with 
those of any softer layers beneath it, wear back in steep cliffs, 
dissected by the valleys of wet-weather streams and often swejit 
baie to the base by the wind. As they are little protected 
by talus, which commonly is removed about as fast as formed, 
these escarpments and the walls of tlie valleys reti'eat iudeli- 
nitely, exposing some liaih stratum lieneath which forms tlie 
lioor of a widening terrace. 

The high, plateaus of northern Arizona and southern Ih-ali 
(Fig. 130), north of the Grand Canyon of the Colorado Fiver, are 


III a land mass of liorizontal sti*ata, for e 

some underlying 
iiile forms the surface of 
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composed of stratified rocks more tlian ten tlioiisand feet thick 
and of very gentle inclination northward. From the broad plat- 
form in which the canyon has been cut rises a series of gigantic 
staii’Sj which are often more tlian one thousand feet high and. 
a score or more of miles in breadth. The retreating escarp- 
ments/the cliffs of . the mesas and buttes which they have left 
behmd as outliers, and the walls of tlie ravines are carved 
into noble architectural forms — into cathedrals, pyramids, 
amphitheaters, towers, arches, and colonnades — by the processes 






JX V 




Fig. 130. North-South Section, Eighty-Five Miles Long, across the 
Plateau North of the Grand Cany on of the Colorado River, Ari- 
zona, showing Retreating Escaii)ments 

O, outliers; F, canyon of the Colorado • A-//, rock systems from the 
Arcluean to the Tertiary; P, platform of the plateau from which the 
once overlying rocks have been stripped ; dotted lines indicate probable 
former extension of the strata. How thick is the mass of strata which 
has been remm^ed from over the platform? Has this v^ork been accom- 
plished while the Colorado River lias been cutting its present canyon? 

of weathering aided by deflation. It is thus by the help of the 
action of the wind that great plateaus in arid regions are dis- 
sected and at last are smoothed away to waterless plains, either 
com])Osed of naked rock, or strewed with residual gravels, or 
covered with drifting residual sand. 

The specific gravity of air is that of water. How does this fact 
affect the weight of the material which each can carry at the same 
velocity? 

If the rainfall should lessen in your own state to from five to ten 
inches a year, what changes would take place in tlie vegetation of the 
country? in the soil? in the streams? in the erosion of valleys? in the 
agencies chiefly at work in denuding the land? 

In what way can a wind-carved peblde be distinguished from a river- 
worn pebble ? from a glaciated pebble ? 
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^^6 llrl\6 SG011 tllcit tllG OCGtin is tllO to wliicli tllG 

waste of the land arrives. The mantle of rock waste,, creepin,<t 
down slopes, is washed to the sea by streams, {..ooether with the 
material which the streams liave worn from theiivljcds and that 
dissol\ed b} nndergroiind waters. In arid regions tlie winds 
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silts of lake beds, dune sands, and sheets of glacial drift, mark 
but pauses in the process which is to bring all the materials ot 
the land now above sea level to rest upon the ocean bed. 

But the sea is also at work along all its shores as an agent 
of destruction, and we must first take up its work in ei*osion 
before we consider how it transports and deposits the waste of 
the land. 


, ^ 5, 




1 if : 1 

’ i! : ' 




Sea Erosion 

The sea cM and the rock bench. On many coasts the land 
fronts the ocean in a line of cliffs (Fig. 131). To tlie edge of tlie 
cliffs tliere lead down valleys and ridges, carved by running 
water, wliich, if extended, would meet the water surface some 
way out from shore. E\T.dently they are now abruptly cut short 

at the present shore line because 
Ifigh tide cut back. 

' T-Y a‘\long the foot of tlie cliff lies a 

^ .^‘cntly slielving bench of rock, more 

Fi(i. 132. Diagram of Sea Clift’ or less thickly veneered with sand 
se, ami Rock Beiieli shingle. At low tide its inner 

bare, but at high tide 
it is covered wholly, and the sea 
washes the base of tlie cliffs. A notch, of which the sea cliff 
and. the rock hench are the two sides, has been cut along the 
shore (Fig. 132). 

I \ Waves, The position of the rock bench, with its inner margiiil 
slightly above low tide, shows that it has been cut by scmie i 
agent which acts like a horizontal saw set at about sea level. 
This agent is clearly the surface agitation of the water ; it is 
the wind-raised wave. 

As a wave comes up the shelving bench the crest topples 
forward and the wave breaks,” striking a blow whose force is 
measured by the momentum of all its tons of falling water 
(Fig. 133). On the coast of Scotland the force of the blows 


Fi(i. 132. Diagram of Sea Cliff 
sr, and Rock Bench rb 

The broken line indicates tlie 
former extent of the land 
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sts'uck by tlie 
(,hre 

('instantly 
known as the 
thousand miles dis- 
tant, and breaks on 
the sliore in surf. 

The l)]ows of the 
waves ai'e notstriiek 
with eknir wa.ter 
only, else tliey 
would luive little 
effect on cliffs of 
solid rock. Storm 
wa\^es arm themseT 
and even the lai‘ge 
and beat against it ’n 


waves of the heaviest storms has 
ee tons to the square foot. Eut. even 
chafes the shore. It heaves in gentff.^ i 
ground swell, the lesult of st(>rms 






neighboring laud finds, its natural outlet in springs wliicli under- 
mine it. Moreover^ it is unprotected by any shield of talus. 
Fivagments of tock' as they fall from its face are battered to 
pieces by tlie waves and swept out to sea. The cliff is thus 
left exposed to the attack of the weather, and its retreat would 
be comparatively rapid for this reason alone. 


Fk;. 184. Sea Caves, La Jolla, California 
Copyright, 1899, by Detroit Photograpliic Company 


Sea cliffs seldom oyerhang, but commonly, as in Figure 184, slop>e sea- 
ward, showing that the upper portion has retreated at a niore rapid 
rate than has tlve base. Which do you infer is on the whole the more 
destructiye agent, weathering or the wave? 

Draw a section of a sea cliff cut in well jointed rocks whose joints 
dip toward the land. Draw a diagram of a sea cliff where the joints 
dip toward the sea. 

Sea caves. The wave does not merely batter the face of the cliff. 
Like a skillful quarryrnan it inserts wedges in all natural fissures, such 
as joints, and uses explosive forces. As a wave flaps against a crevice 
it conipresses the air within with the sudden stroke ; as it falls back 
the air as suddenly expandvS. On lighthouses heavily barred doors have 
been burst outward by the explosive force of the air within, as it was 
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released iroiri pressure when a partial yaciiuni was formed ])y tlie refill- 
eiice of the wave. Wliore a crevice is filled with water llie (aitire force 
oi tlie blow of the wave is ti-ansmitted by liydraulic ])ressur(> to the sid(\s 
of the fissim-. Thus storm 

ivuves little 111' little pry ^ 


(Jtherwise ■ ~ 

•esults. California 

sea arches. Copyright, 1899, by Detroit Pliotographic 
rilled back Company 

may encounter a joint or crevice opened to the surface 
^ater. The shock of the waves soon enlarges this to a 
one may find on the breezy upland, perhaps a hundred 
baciv from the cliff’s edge. In quiet weather the blow- 
hole is a deep well; in 
storm it plays a fountain 
as the waves drive through 
the long tunnel below and 
spout their spray high in 
air ill successive jets. As 
the roof of the cave thus 
breaks down in the rear, 
tliere may remain in front 
for a wliile a sea arch, 
s i m i 1 a r t o t li e natural 
bridges of land caverns 
(Eig. 1115). 

Stacks and wave-cut islands. As the sea drives its tunncds and opcm 
dritts into the cJiff', it lireaks through behind the intervening ])ortious 
and leaves them isolated as stacks, much as monuments are detached 


Eio. 18(5. (Iiasms worn by Waves, 
Coast of Scotland 





Fkj. 137. A 8tack, Scotland 
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froiii inland escarpments 1 )y tlie weather; an 
tliese reiiiiuiiit masses inay be left beluml d 
rock bench is often set with stacks, islets in 
and sunken reefs, — • all ___________ 

wrecks of the land testi- ~~ 

fying to its retreat before 

the incessant attack of tlie ^ 


Coves. Wliere zones 

of Soft <)]• (dusely jointed 
roek ont(n*or> alonji n 
shore, or Avliere minor 
water ('.ourses coiik^- 
dotvii to the sea, and aid 
in erosion, tlie sliore is 
w'orn back in curved reentrants called coves; wliile tlie more 
resistant rocks on either liand ai-e left projecting as headlands 
(Fig. 139). After coves are cut back a slnot distance l)y the 
waves, the headlands come to protect them, as witli break- 
waters, and prevent their indefinite retreat. The sliore takes a 
curve of e(Hiilil)rium, along which the hard rotdc of the exposed 

headland and the weak rock 
protected cove wear 
hack at an eipial rate. 

^ Rate of recession. The 

—T".;- . ' : , rate at wliicli a, sliore recedes 

,1 (le])ends on sev(a*al factors. 

Fk;. 130. Doves formed hi Softer Strata hi Soft or incoherent rocks 

S, S ; wliile the Harder Strata //, i/, exposed to Violent storms 
are left as I lead lands , , . . , 

the retreat is so ra])id as to 

he easily measured. Tlie coast of Yorksliii'e, England, whose 
Ldiifs ait cut in glacial drift, loses seven feet a year on the 
average, and since, the Norman conquest a stri]) a mile wdde, 
with farmsteads and villa, ges and historic seapoits, has been 
ievoured liy tlie-.sea. The sandy south slioi'e of IMartha’s 


Fio. IMS. Wavc‘-(.'u( Islands, Scotland 
Ilow far did the land uia'e extend V 




'■iShr^PMk 

X ‘%r-fi 




Vineyard wears Lack tlii^ee feet a veaT*. lUit liard nx'-ks retreat 
so slowly that their recession lias seldom l)een measured by the 
records of history. 

■■ Shore Drift 

' Bowlder and pebble beaches. About as fast as formed the 
waste of the sea clhT is swept botli along the shore and out to 
sea. The roadmf waste along shore is tlie leach, "We may also 
define the lieacli as the exposed edge of the sheet of sediment 


Fig. 140. A Pebble Reach, Cape Ann, ^lassaclinsetts 

,f{ nailed by the carriage of land waste out to sea.; At the foot of 
sea cliffs, wliere tlie waves are pounding liardest, one commonly 
finds .the yock.heucli. f^trewn on its inner margin with large 
stones, dislodged by the waves and liy the weather and some- 
what worn on their corners and edges. From iliis lowhler IcacA 
the smaller fragments of waste f 1*0111 the cliff and the fragments 
into which the bowlders are at last laoken drift on to more shel- 
tered places and there accumulate in a 'pelMe leach, made of 
pebbles well rounded by the wear which they have suffered. 
Such beaches form a mill whose raw material is constantly 
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^ sup|;)iie.(l liy tlie clill'. The breakers of storms set it iu motion 

to a, depth of seve.ral feet, grinding the pebbles together with 
a clatter to be heard above the roar of the surf. In siu'h a roi'k 
cnislier tlie life of a pebble is short. Where ships liave stranded 
on our Atlantic coast with cargoes of hard-burned brick or of coal, 
a year of tiiiie and a drift of five miles along the sliore have provtid 
enough to wear brick and coal to p(nvder. At no great distance 
from tlieir source, therefore, y^ebble l.)eaclies give j)laee to Inaiches 
I sand, winch, occupy tlie^ more slnilleied reaches of the shore. 

Sand beaches. The angular sand grains of various mimwals 
into wiiicli pehldes are broken by the waves are ground togetlun.’ 
under the heating surf and rounded, and those of tln^. softer 
minerals are erusluMl t{,> powder. The process, howe\aa‘, is a 
slow one, a;nd if we study tliese sand grains under a lens we 
may he surprised to see that, though their corners and edges 
have been Idunted, they are yet far from the sj)li,erical form 
of the pebbles from which they were derived. The grains are 
I,, small, and in water they have lost about half their weight in 
' • ' air ; the blows which they strike one another are therefore weak. 

Besides, each grain of sand of the wet beach is protected by a 
IP cushion of water from the blows of its neighbors. 

The shape and size of these grains and the relative pinportion 
of grains of tlie softer minerals which still remain give a rough 
measure of the distance in space and time which they have 
, traveled from tlieir source. The sand of many beaches, derived 
from the rocks of adjacent cliffs or brought in h}^ torrential 
•; ’ streams from neighboring highlands, is dark witli grains of a 

number of minerals softer than quartz. The white sand of other 
beaches, as those of the east coast of Florida. Is almost wholly 
composed of quartz grains; for in its long travel down the 
Atlantic coast the weaker minerals have been worn to powder 
and the hardest alone survive. 

How does the absence of cleavage in quartz affect the durability of 
quartz sand? 
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How shore drift migrates. Ifc is imder tlie action of waves 
and ciiiTents that shore drift migrates slowly along a coast. 

YVhere waves strike a coast obliquely they drive the waste 
before them little by little along the sliore. Thus on a north- 
soutli coast, where the }:)redomiiiaiit storms ai‘e fi*oni the north- 
east, there will be a migration of shore drift sou tli wards. 

Air shores are s wept also by currents produced by winds and 
tides. These are usually far too gentle to transport of theiii- 
selves the coarse materials of which beaches are made. But 

wliile tlie wave stirs 
the grains of sand 
and grav^el, and for 
a moment lifts them 
from the bottom, 
the current carries 
them a step forward 
on their way. The 
current cannot lift 
and the wave can- 
not carry, but to- 
gether the two 
transport the waste along the sliore. The road of shore drift is fc""' 
tlierefore the zone of the breaking waves. 

’The bay-head beach. As the waste derived from the wear 
of waves and that brought in by streams is trailed along a 
coast it assumes, under varying conditions, a number of dis- 
tinct forms. When swept into the head of a sheltered bay it 
constitutes the bay-head beach. By the highest storm waves j 

the beach is often built higher than the ground immediately 
behind it, and forms a dam inclosing a shallow pond or 
marsh. 

^The bay bar. As the stream of shore drift reaches the mouth A 
of a bay of some size it often occurs that, instead of turning in, 
it sets directly across toward the opposite headland. The waste 

I 
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IS Ciivrilul out from sliore ijitoJJie deepe wilcrs of (li<> hay 
inoiitli, wlmn* it is no long'er su]iport(‘d hy Hu* lnvakiny wives, 
.. ami sinks to tlie bottom. Tlie dump is gradually built to tiu* 
surlaeo as a stubby spur, jxiinting aeross tlie bay, and as it 
reaches the amo of wave action current and wave can now 
oumliine to carry shore drift along it, depositing tlu*ir load con- 
tinually at the point of the spur. An enihankinent is thus con- 
structed in much the p- — 

same manner as a. rail- 

mO imv'",a^^ ''vv 

Jaceut cut is carted to -I*.: -Mil 

be dumped at the end. '**“• Hook, Faike Jlitliigaa 

AYhen the embankment is completed it bridges the liay with 
a highway along which sliore drift iiow moves without inter- 
ruption, and becomes a bay bar. 

Incomplete bay bars. Under certain conditions the sea can- 
not carry out its intention to bridge a ba}'. Eivers discharging 
in bays demand open way to the ocean. Strong tidal currents 
also are able to keep open channels scoured by their ebb ami 
flow. In such cases the most that land waste can do is to build 
sjiits and shoals, narrowing and shoaling the channel as much 
as possible' Incomplete bay bars sometimes have their points 
sr ,y' recurved liy currents setting at 
angles to the stream of shore 
Fro. 14.3. Cross Section of Sand tb’ift, and are tlien classifled a.s 
Reef sr, and Lagoon; si, Sea J(Ool‘i> (Kg. 142). 

Sand reefs. On low coasts 
whei'c shallow water extends, some distance out, the higliwayof 
slmre drift lies along a low, narrow ridge, termed the sand reef, 
separated from tlie land by a narrow stretch of sliallow water 
called the lagoon (Fig. 143). At intervals the reef is lield open 
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Shores of Elevation and Depression 

Our studies have already brought to our notice two distinct 
forms of strand lines^ — one the high/ rocky coast cut back to 
clihs by the attack of the waves, and the other the low, sandy 
coast where tlie waves break usually upon the sand reef. To 
understand tlie origin of these two types we must know that 


througli whicli the tide flows and ebbs, and by 
which the water of streams linds wa}” to the sea,. 

No finer example of this kind of shore line is to be found in the 
world than the coast of Texas. Eh'om near the mouth of the Rio 
Grande a continuous sand reef draws its even 
i \ / yy curve for a hundred miles to Corpus Christ! 

j . / j // Pass, and the reefs are but seldom interrupted 

\ / // by inlets as far north as Galveston Harbor, 

J jj this coast the tides are variable and ex- 

ceptionally weak, being less than one foot in 
\ J height, while the amount of waste swept along 

the sliore is large. The lagoon is extremely 
' sliallow, and much of it is a mud flat too shoal 

I ko for even small boats. On the coast of New 

' ] W Jersey strong tides are able to keep ojpen inlets 

I \ ^ inteiuuils of from two to twenty miles in 

\ ^ spite of a lueavy alongshore drift, 

sou, 

\ Sand reefs are formed where the water 

; ‘v is so shallow near shore that storm waves 

y p \ cannot run in it and therefore break some 

, distance out from land. Where storm 

waves first drag bottom they erode and 
' deepeii the sea floor, and sweep in sedi- 

L; inent as far as the line where they break. 

Fig. 144. Sand Reef Here, where they lose their force, they 
and Lagoon, lexas drop their load and beat up the ridge 
which is known as the sand reef when it reaches the surface. 
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the meeting place of sea and land is determined primitrily ],y 
.movements of the earth’s crust. Where a coast land emergJs 
- tlie shore hue moves seaward; where it is being submerued 
the sliore line adva.nces on the land. 

h Shores of elevation. Tire retreat of tire sea, eitlier heeniise ..f 
a local uplift of the land or for any other reason, such as the 
lowering of any portion of ocean bottom, lays hare tlie inner 
margin of tlie sea floor. , Where the .sea door has long receivi'd 
the wu,ste i.if the land it has been built up to a smooth, suhaqui'- 
ous idain, gently shelving from the land. Smce the new .shore 
Jiiie is drawn across this even surface it is .simple ami regular, 

. and is bordered on the one side by shallow water gradually 
deepeiimg seaward, aud on the other by low land composed of 
material which has not yet thoroughly consolidated to firm rock. 
A sand reef is soon beaten up b)' the waves, and for some time 
conditions will favor its growth. The loss of sand driven into 
the lagoon beyond, and of that ground to powder by the surf 
and carried out to sea, is more tlnm made up by the stream of 
alongshore drift, and especially by the drag of sediments to the 
reef by the waves as they deepen the sea floor on its seaward side. 

Meanwhile the lagoon gi-adually fills with waste from the 
reef and from the land. It is invaded by various grasses and 
reeds which have learned to grow in salt and brackish water; 
the marsh, laid bare only at low tide, is built above high tide 
by wind drift and vegetable deposits, and becomes a meadow, 
soldering the sand reef to the mainland. 

Mdiile the lagoon has been filling, the waves have been so 
deepening the sea floor off the sand reef that at last they are 
able to attack it vigorously. They now wear it hack, and, driving 
the shore line across the lagoon or meadow, cut a line of low 
cliffs on the mainland. Such a shore is that of Gascony in 
southwestern France, — a low, straight, sandy shore, bordered 
by dunes and unprotected by reefs from the attack of the waves 
of the Bay (jf Biscay:. 
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AYe may say, then, that on shores of elevation the presence 
of sand reefs and lagoons indicates tlie stage of }'oiilh, while 

the absence of tlusse 
f e a 1 11 r e s a n d t li e 
vigorous and uiiini- 
peded attack by., the 
sea upon the main- 
land indicate the 
stage of inaturit}'. 
Where iniich waste 
is lirought in ];>}' 
livers the inaturit}' 
of such, a coast inay 
be long delayed. 
The waste from the 
land keeps tlie sea 
slndlow offslioi’e and 
cc)nsta.i,:.itl.y ren ews 
tlie sand reef. Tlie 
energ}’ of tli.e wa.\*'es 
is consunied in hand- 
ling shore drift, a.nd 
no energ}" is left f<..>r 
a.n efiect.i:ve atta.ek 
tlie land. In- 
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tleed, with an exces- 
sit"e amount of waste 
]) 1* 0 ii g li t down l>y 
streanis the land 
may be built out and 
encroach .tempo- 
rarily upon the sea; and not until long deiiudalitai has loweretl 
the land, and thus decreased the amount of waste fmm it, may 
the waves he able to cut through the sand reef and thus the 
coast i-eaeli maturity. 


J.145. Map of New Jersey, with that Fortioii 
of the State one Hiiiidred Feet and more aliove 
Sea Level shaded 


Describe the coast line which the state would have if 
depressed one huiulred feet. Compare it with the 
present coast line 
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; Shoees of Depeessiox 

Where a coastal region is undergoing submergence the shore 
line moves landward. The horizontal plane of tlie sea now 
intersects an old land surface roughened by siibaerial deniida- 
tioiL The shore line is irregular and indented m proportion to 

the relief of the land and the amount 

of the submergence wliicli the land 
liassiiffered.| It follows up partially 
submerged valleys, forming bays, and 
bends round the divides, leaving 
them to project as promontories and 
peninsulas. Tlie outlines of shores 
of depression ai'e as \'aried as are 
tlie forms of the land partially sub- 
merged. We gi\n a few typical illus- 
trations. | 

Tlie characteristics of the coast of 
Maine are due chiefly to the fact tliat a 
mountainous region of hard rocks, once 
worn to a peneplain, and after a sub- 
sequent elevation deeply dissected by 
north-south valleys, has subsided, the 
depression amounting on its southern 
margin to as much, as six liundred feet 
below sea level. Drowned valleys j>cne- 
trate the land in long, narrow bays, and 
rugged divides project in long, narrow 
land arms prolonged seaward by islands 
representing the high portions of their extremities. Of this exceedingly 
ragged shore there are said to be two thousancl miles from the IS'ew 
Brunswick boundary as far west as Portland, — a straight-line distance 
<.)f but tv o hundred miles. Since the time of its greatest depression 
tlie land is known to have risen some three hundred feet; for the bays 
have ])eeii sliortened, and the waste with which their floors were strewn 
is now in part laid liare as clay plains about the bay_^bea4§ iaiM dii ^ 



Em. 146. Chesapeake Bay 

Draw a sketch map of this area 
before its depression 


narrow selvages about the peninsulas and islands. 
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The coast of Dalmatia, on the Adriatic Sea, is characterized hy long 
land arms and chains of long and narrow islands, ail pa,rallel to the 
trend of the coast. A region of parallel mountain I'aiiges lias hueii 
depressed, and the longitudinal valleys which lie between them are 
occupied by arms of the sea. 

Chesapeake Bay is a branching bay due to the depression of an 
ancient coastal plain which, after having emerged from the sea, was 
channeled with broad, shallow valleys. The sea has invaded the valley 
of the trunk stream and those of its tributaries, forming a shallow bay 
whose many branches are all directed toward its axis (Fig. 116). 

Hudson Bay, and the North, the Baltic, and tlie Yellow seas are 
examples "where the sinking of the land has brought the sea in o\'"er 
low plains of large extent, thus deeply iiideiiting the continental out- 
line. The rise of a few liiuidred feet would restore these submerged 
plains to the land. 


The cycle of shores of depression. In its vrijwrhtile sfinje tlie 
outline of a vSliore of depression depends almost wholly on tlie 
previous relief of the land, and but little on erosion l)y' the sea. 
Sea cliffs and narrow benches appear wliere headlands ami 
outlying islands have been nipped by the waves. As yet, little, 
shore waste has been formed. The coast of ]\Iaiiie is an example 
of this stage. 

In emiy youth all promontories liave been stroiigi}' cliBed, 
ami under a vigorous attack of the sea tlie shore of open bays 
may be cut back also. Sea stacks and rocky islets, caves an^l 
coves, make the shore minutely ragged. The irregiilarit}' of the 
coast, due to depression, is for a while increased by diflei'ential 
wave wear on harder and softer rocks. The rock Iiencli is still 
narrow. Shore waste, though being produced in huge anmunts, 
is for the most part swept into dee]:)er water and buried out 
of sight. Examples of this stage are the east coast of Scotland 
and the California coast near San Fnincisim. 

ZattT youth is characterized Iw a large accumulation of 
shore waste. The rock bench has been cut hack so that it 

for shore, drift. The stream of ' , 
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alongshore drift grows larger and larger, filling the lieads of the 
smaller bays with beaches, building sjats and hooks, and tyuig 
islands with sand bars to the mainland. It bridges the larger 
bays with bay bars, while their length is being reduced as their 
inclosing promontories are cut back by the waves. Thus there 
comes to be a straight, continuous, and easy road, no longer 
interrupted by headlands and bays, for the transportation of 
waste alongshore. 

The Baltic coast of 
Germany is in this 
stage. 

All this while 
streams have been 
busy filling with 
delta deposits the 
bays into which 
they empty. By 
these steps a coast 
gradually advances 

^ Fig. 147. Portion of the west Coast of France 

to matibT%ty^ the 

stage when the irregularities due to depression have been 
effaced, when outlying islands formed by subsidence have been 
planed away, and when the shore line has been driven back 
behind the former bay heads. The sea now attacks the land 
most effectively along a continuous and fairly straight line of 
cliffs. Although the first effect of wave wear was to increase 
the irregularities of the shore, it sooner or later rectifies it, 
making it simple and smooth. The northwest coast of France 
is often cited as an example of a coast which has reached this 
stage of development (Fig. 147). 

In the old' age of coasts the rock bench is cut back so far that 
the waves can no longer exert their full effect upon the shore. 
Tiieir energy is dissipated in moving shore drift hither and 
thither and in abrading the bench when they drag bottom 




i'lG. 148. The South Shore of Martha’s Vineyard 
The land is sh^ed. To what class of coasts does this belong? What sta-e 
thefutuvef ’ take placein 

wave Use, i.e. the lowest liniit of the wave’s effective wear Th( 
vadened rock bench forms when uplifted a plam of niariin 
a rrasion, winch like the peneplain bevels across strata regardless 
ot their various inclinations and various degrees of hardness. 

How may a plain of marine abrasion be expected to differ from a 
peneplain in its mantle of waste? 

CV)mpared..-with Riibaerial. denudation, marine abrasion i.s a 
comparatively feeble agent. At the rate of five feet tier eenturv 
A higher rate than obtiiiirs on tlie youthful rock\- coast <if 
Britain — It would require more than ten million yeans to jiare 


upon it. Little by little the bench is deepened by tidal currents 
and the drag of waves; but tliis process is so slow that moan- 
while the sea cliffs melt down under the weather, and tlie 
liench becomes a broad shoal where waves and tides gradually 
work over the waste from the land to greater fineness and sweep 
it out to sea, 

- „ of marine abrasion. Wliile subaerial denudatauii 

1 educes the land to baselevel, the sea is sawing its edges to 


the elements of geology 
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a strip one limidred miles wide from the margin of a coni i- 
neiit, a time sufficient, at the rate at which the Mississ.ip])i 
valley is now being worn away, for subaerial denudation to 
lower the lands of the globe to the level of the sea. 

Slow submergence favors the cutting of a wide rock bench. 
The water continually deepens upon the bench ; storm waves 
can therefore always ride in to the base of the cliffs and attack 
them with full force ; shore waste cannot impede the onset 
of the waves, for it is continually washed out in deeper water 
below wave base. 

Basal conglomerates. As the sea marches across the land 
during a slow submergence, the platform is covered with sheets 
of sea-laid sediments. Lowest of these is a conglomerate, — 
the bowlder and pebble beach, widened indefinitely by the 
retreat of the cliffs at whose base it was formed, and preserved 
by the finer deposits laid iipon it in the constantly deepening 
water as tlie land subsides. Such basal conglomerates are not 
iiiiconimon among the ancient rocks of the land, and we may 
know them by tlieir rounded pebbles and larger stones, com- 
posed of the same kind of rock as that of the abraded and 
evened surface on which they lie. 



CHAPTEE VIII 



OFFSHORE AHD DEEP-SEA DEPOSITS 


The alongsliore deposits which we have now studied are 
the exposed edge of a vast subaqueous sheet of waste wliic'h 
borders the contments and extends often for as much as two 
or three hundred miles from land. Soundings sliow tliat off- 
shore deposits are laid in belts parallel to the coast., the coarsest 
materials hung nearest to the land and the finest farthest out. 
The pebbles and gravel and the clean, coarse sand of beaches 
gi\'e place to l)road stretches of sand, which grows tinea- and 
finer until it is succeeded by sheets of mud. Clearl}' tliere is 
an offshore movement of waste by wliich it is sorteel, the 
coarser being sooner dropped and the finer being carried 
farther out. 


. Offshore Deposits 

The debris torn by waves from rocky shores is far less in 
amount than the waste of the land brought down to the sea 
by rivers, being only one thirty-third as great, according to a 
conservative estimate. Both mingle alongshore in all the fornis 
of beach and bar that have been described, and both are together 
slowly carried out to sea. On the shelving ocean floor waste is 
agitated by various movements of the unquiet water, — by the 
undertow (an outward-running bottom current near the sliore), 
by the ebb and flow of tides, by ocean currents where they 
approach the land, and by waves and ground swells, whose 
effects are sometimes felt to a depth of six hundred feet. Bv 
all these means the waste is slowly washed to and frty and as 
it is thus ground finer and finer and its soluble parts are more 

174 


OFFSHORE AND DEEP-SEA DEPOSITS 


175 


i 





I 


and more dissolved, it drifts farther and farther out from land. 
It is by no steady and rapid movement that waste is swept 
from the shore to its final resting place. Day after day and 
century after century the grains of sand and particles of mud 
are shifted to and fro, winnowed and spread in layers, which are 
destroyed and rebuilt again and again before they are buried 
safe from further disturbance. 

These processes which are hidden from the eye are among 
the most important of those with which our science has to do ; 
for it is they which have given shape to by far the largest part 
of the stratified rocks of which the land is made. 

^ The continental delta. This fitting term has Ix-eir recently 

suggested for the sheet of waste slowly accumulating along the 
borders of the continents. Within a narrow belt, which rarely 
exceeds two or three hundred miles, except near the mouths 
of muddy rivers such as the Amazon and Congo, nearly all the 
waste of the continent, whether worn from its surface by the 
weather, by streams, by glaciers, or by the wind, or from its 
edge by the chafing of the waves, comes at last to its final 
resting place. The agencies which sxmead the material of the 
continental delta grow more and more feeble as they pass into 
deeper and more quiet water away from shore. Coarse materials 
are therefore soon dropped along narrow belts near land. Gravels 
and coarse sands lie in thick, wedge-shaped masses wMch thin 
out seaward rapidly and give x)lace to sheets of finer sand. I 

-Sea muds. Outermost of the sediments derived from the waste ! 
of the continents is a wide belt of mud ; for fine clays settle so 
slowly, even in sea water, — whose saltness causes them to sink 
much faster than they would in fresh water, — that they are 
wafted far before they reach a bottom where the}^ may remain 
undisturbed.] Muds are also found near shore, carpeting the ' 
floors of estuaries, and among stretclies of sandy deposits in 
hollows where the more quiet water has permitted the finer 
silt to rest. 
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Sea muds are commonly bluish and (3oasolidate to bluish 
shales ; the red coloring matter brought from land waste — iron 
oxide — is altered to other iron compounds by decomp<.)sing 
organic matter in the presence of sea water. Y'ellow and red 
muds occur where the amount of iron oxide in tlie silt brought 
down to the sea by rivers is too great to be reduced, or decoim 
posed, by the organic matter present. 

Green muds and green sand owe their color to certain cliem- 
ical changes which take place where waste from the land acm- 
niulates on the sea floor with extreme slowness. A greenish 
niineral called glaiiccynite — di. silicate of iron and alumina — is 
til eii formed. Such deposits, known as .sc/u/, are now in 
process of making in several patches off the Atlantic (/oast, and 
are found on the coastal plain of Kew Jersey among tlie off- 
shore deposits of earlier geological ages. 

% deposits. Jiving creatures swarm along tlie sliore and 

.„ on the shallows, out froiu laml as nowhere else in the o(*ean. 
Seaweed often mantles the rock of the sea eliif between tlie 
le\ els of high and low tide, protecting it to some degree from 
the blows of waves. On the rock bencli each little pool left 
b} the ebbing tide is an aquarium abounding in tlie lowh' 
forms of marine life. Below low-tide level occur beds of moi- 
luscous shells, such as the oyster, with countless num])e]'s of 
other humble organisms. Their harder parts — the sliells of 
niollusks, the wliite framework of corals, tlie carapaces of crabs 
and other crustaceans, the shells of sea urchins, the bones and 
teeth of fishes — are gradually buried within the accumulating 
sheets of sediment, either whole or, far more often, broken into 
fragments by the waves. 

By means of these organic remains each layer of beach 
deposits and those of the continental delta may contain a re{n)rd 
of the life of the time when it was laid. Sucli a record has 
been made ever since living ereato^^ witli hard parts appeared 
upon the globe, shall find it sealed away in the stnitified 
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rocks of tlie continents, — parts of ancient sea deposits now 
raised to form the dry land. Thus we have in the ti*aces of 
livmg creatures found in the rocks, Le. in fossils, a histor}^ of the 
progress of life upon the planet. 

Molluscous shell deposits. The forms of marine life of impor- 
tance ill rock making thrive best in. clear water, where little 
sediment is being laid^ and where at the same time the depth is 


Fig. 149. Coquina, Florida 

not so great as to deprive them of needed light, heat, and of 
sutlicient oxygen absorbed by sea water from the air. In such 
clear and compamtively shallow water there often grow count- 
less myriads of animals, such as, molliisks and corals, whose 
shells and skeletons of carbonate of lime gradually accumulate 
in ])eds of limestone. • 

A shell limestone made of bi-okeii fragments cemented together is 
sometimes called ciuju'ma, a local term applied to such beds recently 
uplifted fi*om the sea along the coast of Florida (Fig. 149). 
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Omtk limestone (don, an egg* ; Utlios, a stone) is so named from the 
likeness of the tiny splieruies which compose it to the roe of fish. 
Coials and shells have been pounded by the waves to calcareous sand, 
and eacli grain has been covered with successive concentric coatings of 

lime carbonate deposited about it from solution. 

The impalpable powder to wliicli calcareous sand is ground 
by the waves settles at some distance from shore in deeper and 
cpiieteiy water as a limy silt, and hardens into a dense, fine- 
grained limestone in -wliLch perhaps no trace of fossil is found 
to suggest the fact that it is of organic origin. 

From Florida Keys there extends south to the trough of Florida 
Straits a limestone bank covered by from five hundred and forty to 
eighteen hundred feet of water. The rocky bottom consists of lime- 
stone now slowly building from the accuiriiiilation of the rcinains of 
ruollusks, small corals, sea urchins, worms Avith calcareous tubes, and 
lime-secreting seaweed, which live upon its surface. 

here sponges and other silica-secreting organisms abound oii 
liinestone banks, silica forms part of the accuiuulaled deposit, 
either in its original condition, as, for exam|)le, the spicules of 
sponges, or gathered into concretions and layers of flint. 

Where considerable mud is being deposited along with, car- 
bonate of lime there is in process of making a chiA'ey limestone 
or a limy shale; where considerable sand, a sandy limestone or 
a limy sandstone. 

{t * Consolidation of offshore deposits. We cannot doubt that all 
these loose sediments of the sea floor are being slowl}" consoli- 
dated to solid rock. They are soaked with water wliich eariies 
in solution lime carbonate and other eenienting siiljstanees. 
These cements are deposited between tlie fragments of shells 
and corals, the grains of sand and the particles of mud, landing 
them together into firm rock. Where sediments hrna.^ accumu- 
lated to great thickness tlie huver i)ortioiis tend also to eonsol- 
idate under the weight of the overlying ]>eds. Exetg>t in the 
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seldom , so well ceinented as are tlie older strata, wliicli have 
long ])eei) |i^e<l upon hy iindergrouiid waters deep lieiow the 
surface within thecjsone of ceiuentation, and have been exposed 
to view by great erosioin 

Ripple marks, sua cracks, etc. The pulse of waves and tidal 
currents agitates the loose material of oifshore dep(jsits, throw- 
ing it into fine parallel ridges called ripple marks. ( )iie may 

see this beautiful 
i‘ i 1) b i 11 g iiiiprin ted 
on beach sands un- 
covered by the out- 
going tide, and it is 
also produced wliere 
tlie water is of con- 
siderable depth. 
A\liile tlie tide is 
out tlie sui'face of 
sliore dep(.)sits ina}' 
1)0 iiiark'ed l)}^ tlie 
footpiints of birds 
and otlier animals, 
or by the luindrops 
of a passing shower 
(Fig. 153). The mud of fiats, thus exposed to the sun and dried, 
cracks in a characteristic w'ay (Figs, lol and 152). Such mark- 
ings may be covered o\'er Avith a thin layer of sediment at the 
next flood tide and sealed away as a lasting record of tlie manner’ 
and place .in which the strata w^ere laid. In Figure 150 we have 
an illustration of a very ancient ripple-marked sand consolidated 
to Iiard stone, uplifted and set on edge hy movements nf the 
earth’s crust, and exposed to open air after long erosion. 

. Stratification, For the most part the sheet of sea-laid waste 
is liidden from our sight. Where its edge is exposed along the 
shore we may see the surface markings which have just been 
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noticed. Soundings also, and the observations made in shallow 
telh^something^of ^ its^surfece ’ 

planes, ' eacli of which 
represents either a 
change in mateiial or 
a pause during which 
deposition ceased and 
the niaterial of one layer had time to settle and become some- 
what consolidated before the material of the next was laid 
upon it. .Stratification is thua d^^^^ interniittently acting 
forces, I such as the agitation of the 
water during storms, the flow and ebb 
of the tide, and the shifting channels 
of tidal currents. \ Off the mouths of 
rivers, stratification is also caused by 
the coarser and more abundant material 
brought down at time of floods being 
laid on the finer silt which is dis- 
-Fk,;. 153. Kaiii Prints charged during ordinary stages. 


Fig. 152. The Under 8i<le of a Layer de- 
posited upon a Sun-Cracked vSurface, 
showing Casts of the Cracks 
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woss bedding. Ihere i.? an apparent exception to this rnlo ivhere 
strata ivliose upper and lower surfaces may he about liorizoiital are 
made up of layers inclined at angles ■which may he as high as the 
angle of repose. Ju this ca.se each stratum grew hy the adclirioii along 
its edge of sucoes.sive kyer.s of sediment, precisely as doe.s a sand bar in 
a river, the sand being pushed continuously over the edge and coming 
to rest on a sloping surface. Shoals built by strong and shifting ti.hd 
currents often show successive strata in which the cross beJiring is 
inclined in different dii’ections. 
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TMckiicss of S6S. deposits* Itemeniberiiig’ tlie Vcist oiuouut 
of inaterial denuded from tlie land and deposited offshore, we 
siiouid expect that with the lapse of time sea deposits would 
have grown to an enormous tlxickness. It is a suggestive fact 
that, as a rule, the proiile of the ocean bed is that of a soup 
plate, — a basin surrounded bj^ a flaring rim. On thQ contine/ii- 
tal shelf, as the rim is called, the water is seldom more than 
six hundred feet in depth at the outer edge, and shallows grad- 
ually towards shore. Along the eastern coast of the United 
States the continental slielf is from fifty to one hundred and 
more mites in width; on the Pacific coast it is much narrower. 
So far as it is due to upbuilding, a wide continental shelf, such 
as that of the Atlantic coast, implies a massive continental 
delta thousaiids of feet in thickness. The coastal plain of the 
Atlantic states may be regarded as tlie emerged inner margin 
of this shelf, and borings made along the coast probe it to the 
depth of as much as three thousand feet without finding the 
bottom of ancient offsliore deposits. Continental shelves may 
also be due in part to a submergence of the outer margin of 
a continental plateau and to marine abrasion. 

■ Deposition of sediments and subsidence. The stratified rocks 
of the land show in many places ancient sediments which reach 
a thickness which is measured in miles, and which are yet the 
product of well-nigh continuous deposition. Such strata may 
prove by their fossils and by their com 2 )osition and structure 
that they were all laid offshore in shallow water. We must infer 
that, dining tlie lust length of time recorded by the enormous 
pile, the floor of the sea along the coast was slowly sinking, 
and tliat the trough was constantly being filled, foot by foot, 
as fast as it was depressed. Such gradual, cpiiet movements of 
the eartlds crust not only modify the outline of coasts, as 
we have seen, but are of far greater geological importance in 
that they permit the making of immense deposits of stratified 
rock. 


iiiiiiiiliMiiiriii itirr*^ 



A .slow subsidence contiimed during long time is recorded 
also in the succession of the various kinds of rock that coine 
to be deposited in the same area. As the sea transgresses the 
laud, i.e. encroaches upon it, any given part of the sea bottom 
is brought farther and farther from the shore. The basal con- 
glomerate formed by bowlder and pebble beaches comes to he 
covered with sheets of sand, and these with layers of mud as the 
sea becomes deeper and the shore more remote; while deposits 
of limestone are made when at last no waste is brought to tlie 


Pic. ir>5. Succession of Dej^osits recording a Transgressing Sea 
c, conglomerate; sandstone; shale; limestone 

plac 0 fioni t]i6 now (listuiit Iciiid, aii(i tlio ■\v<ttor is left cleiir for 
the gTowtli of inollusks and- other linie-seeretinc' oro-anisins. 

Rate of deposition. As deposition in the sea corresponds to 
denudation on the land, we are able to make a general estimate 
of the rate at which the former pi-ocess is goin<;( on. Leaving 
out of account the soluble matter remm'ed, the ]\lississippi is 
loweiing its basin at the rate of one foot in ^i^-e tlioiisand years, 
and we may assume tliis as the average rate at which the 
eartli’s laud surface of fifty-seven million sijuare miles is now 
being denuded by the removal of its mechanical waste. ?>ut sedi- 
ments from the land are spread within a zone but two or three 
hiindied miles in width along the margin of the continents, a 
lint one liiindied thousand miles long. As the area of dejiosi- 
tioix about twenty-five million sipiare miles — is about one 
half the a,rea of denudation, the average rate of deposition must 
be twice the average rate of denudation, i.e. aliout one foot in 
twentj-five hundred years. If some deposits are made mii(*h 
more rapidly than this, otliers are made miudi more slowly. If 
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they were laid no faster than the present average rate, the strata 
of ancient sea deposits exposed in a quarry fifty feet deep repre- 
sent a lapse of at least one hundred and twenty-five thousand 
years, and those of a formation five hundred feet thick required 
for tlieir accumulation one million two hundred and fifty thou- 
sand years. 

The sedimentary record and the denudation cycle. We have 
seen that tlie successive stages in a cycle of denudation, such as 
that by which a land mass 
of lofty inountains is worn 
to low plains, are marked 
each l)y its own peculiar 
land forms, and that the 
foiins of tlie earlier stages 
are more or less completely 
effaced as the cycle draws 
toward an end. Far more 
lasting records of each stage 

are left in tlie sedimentary deposits of the continental delta. 
Thus, in the 3 a)uth of such a land mass as we have mentioned, 
torrential streams flowing down the steep mountain sides de- 
liver to the adjacent sea their heavy loads of coarse waste, and 
thick ofi shore deposits of sand and gravel (Fig. 156) record 
the high ele^’atioll of the bordering land. As the land is worn 
to lower levels, the amount and coarseness of the w^aste 
brought to the sea diminishes, until the sluggish streams can*}' 
only a fine silt wiiich settles on the ocean floor near to land in 
wide sheets of mud which harden into shale. At last, in the 
old age of the region (Fig. 157), its low plains contribute little 
to the sea except the soluble elerneiits of the rocks, and in the 
clear wnters near the land lime-secreting organisms flourish and 
tlieir i-emains accumulate in beds of limestone. When long- 
weathered lands mantled with deep, well-oxidized w^aste are 
uplifted by a . gradual movement of the earth’s crust, and the 



Fkj. 156. Thick Offshore Deposits of 
Coarse Waste recording the Presence 
of a Young Mountain Range near 
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mantle is rapidly stripped off by tlie revived streams, the uprise 
is recorded in wide deposits of red and yellow clays and sands 
upon the adjacent ocean floor. 

Where the 'waste brought in is more than the waves can 
easily distribute, as off the mouths of turbid rivers which drain 
highlands near the sea, deposits are little wmnowed, and are laid 
ill rapidly alternating, shaly sandstones and sandy shales. 

Where the highlands are of igneous rock, such as granite, 
and inechaiiical disintegration is going on more lapidly than 
chemical decay, these conditions are recorded in the nature of 



FiCr. 157. Offshore Deposits I'ecording tlie Old Age of the 
Adjacent Land 

si^, sandstone; sh, shale; lin, limestone 


tlie deposits laid offshore. The waste swept in 1)\' streams con- 
tains much feldspar and other mmerals softer and more soluble 
than quartz, and where the waves have little op)portunity to 
wear and winnow it, it comes to rest in beds of sandstone in 
which grains of feldspar and other soft minej'als aie abiindaiit. 
Such feldspathic sandstones are known as arhm'. 

On the other hand, where the waste sup].)licd to tlie sea conies 
cliiefly from wide, sandy, coastal plains, there are deposited off- 
shore clean sandstones of well-worn grains of quartz alone. In 
such coastal plains the ; waste of the land is stored for ages. 
Agahi and again they are abandoned and invaded by tlie sea as 
from time to time the land slowly emerges and is again siih- 
merged. Their deposits are long expf)sed to the weatlier, and 
sorted over by the streams, and winnowed and worked oi’ei' 
again and again by the waves. In tlie course of long ages suds 
deposits thus become tlioroughly sorted, and tlie grains of all 
minerals softer than quartz are grountl to mud. 
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Deep-Sea Oozes and Clays 

"Giobigerina ooze. Beyond tlie reach of waste from the land 
the bottom of the deep sea is carpeted for the most part \Yith 
either chalky ooze or a fine red clay.f The surface waters of 
the warm seas swarm with minute and lowly animals .belong- 
ing to the order of the Foraminif- . 

which secrete sliells of carbonate 
of lime. At death these tiny 'white 
shells fall "through the sea water like 
snowflakes in the air, arid, slowly dis- 
solving, seem to melt quite away be- 

fore they can reach depths . greater ^ 

than about three miles.? Near shore 'P 

they reach bottom, but are masked 
by the rapid deposit of waste derived 

from the land. At intermediate Dloijigerlna Ouze 

depths they mantle the ocean floor under the Microscope 

with a white, soft lime deposit known as GlobigeTinci ooze^ from 
a genus of the roraniinifera which Gontributes largely to its 
formation. 

Red clay. Below deyiths of fifteen to eighteen thousand 
feet the ocean bottom is sheeted with red or chocolate colored 
clay. It is the insoluble residue of seashells, of tire debris 
of sulmiarine volcairic eruptions, of volcanic dust wafted by the 
winds, and of pieces of pumice drifted by ocean currents far 
from the volcanoes from which they were hurled. ; The red 
clay builds up wdth such inconceivable slowness that the teeth 
of sharks and the hard ear bones of whales may he dredged in 
large nuniliers from tlie deep ocean bed, where they have lain 
unburied for thousands of }uars ; and an appreciable part of the 
clay is also formed by the dust of meteorites consumed in the 
atmosphere, — a dust wdiich falls everywhere on sea and land, 
but which elsewhere is wholly masked by other deposits. 
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Tlie dark, cold abysses of tire ocean are far less affected by 
cliangB than any other portion of the surface of the lithosj)liere. 
These vast, sEenfc plains of ooze lie far below the reach of 
storms. They know no succession of suiuiuer and winter, or of 
night and dajy A mantle of deep and quiet water protects tliein 
from the agents of erosion which continually attack, furrow, and 
destroy the surface of the land. While, the land is the area of 
erosion, the sea is the moa of deposition. The sheets of sedi- 
ment which are slowly spread there tend t(j efface any inequal- 
ities, and to form a smooth and featureless subaqueous plain. 

With few esceptions, the stratified rocks of the land are 
proved by their fossils and composition to have l.ieen laid in 
the sea; but in the same way they are proved to be offshore, 
shallow-water deposits, akin to those now making on continen- 
tal shelves. Deep-sea deposits are absent from the rmks of the 
laud, and we may thei-efore infer that the deep sea has never 
held sway where the continents now are, — that the. continents 
have ever been, as now, the elevatial jiortions ot tlu' lithosjiliei'e, 
and that the deep seas of the present have ever lieeii its most 
depressed portions. 

The Eeef-Bijilmxg Corals 

In warm seas the most conspicuous of rock-making organisms 
are the corals known as the reef builder.s. Floating in a boat 
over a coral reef, as, for example, off the south coast of 1 iorida 
or among the Bahamas, one looks down through clear water on 
thickets of branching coral shrubs perhaps as much as eight 
feet high, and hemispherical masses three or four feet thick, all 
abloom with eoxmtless minute flowerlike coral polyps, gorgeoiis 
in their colors of yellow, orange, green, and red. In structure 
each tiny polyp is little more than a fle.shy sac whose mouth 
■is surrounded with petal-like tentacles, or feelers. From the 
sea water -the polyps secrete .calcium carlionate and build it iqi 
into the stony framework which supports tlieir colonies. .Boring 
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Biolliisks, worms, and siDonges perforate and lioneyconib tliis 
framework even while its surface is covered with inyikuis (jf 
living polyps. It is tliiis easily broken by the wav'es, and white 
fragments of coral trees strew the ground beneath. Brilliantly 
colored fishes live in these coral groves, and countless mollusks, 
sea urchins, and otlier forms of marine life make here their 


PatOi of Growing Corals exposed at an Exceptionally Low 
Tide, Great Barrier Reef, Australia 


home. With the debris from all these soui’ces the reef is con- 
stantly built up until it rises to low-tide level. _ Higher than this 
tlie corals cannot grow,. since they are killed by a few hours’ 
exposure to the air. 

AVhen the reef has risen to wave base, the waves abrade it 
on the windward side and pile to leeward coral blocks torn 
from their foundation, tilling the interstices with finer fragments. 
Tims they lieap up along the reef low, narrow islands (Fig. 1 ^^0). 
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Eeef building is a comparatively rapid progress. It lias been 
estimated that off Florida a reef could be built up to tlie surface 
from a deptli of fifty feet in about fifteen liimdred years. 

Coral limestones. Limestones of various kinds are due to the 
reef builders. The reef rock is made of corals in place and 
broken fragments of all sizes, cemented together with calciuin 
carbonate from solution by infiltrating waters. On the island 
beaches coral sand is forming oolitic 
limestone, and the white coral mud 
with which the sea is milky for miles 
about the reef iii times of storm settles 
and concretes into a. coiiipact limestone 


Fig. 160. Wave-Built Lsland 
on Coral Beef 


?*, reef ; s, sea level 


of finest grain. 


Corals have been 
among the most important limestone builders of the sea ever 
since they made their appearance in the early geological ages. 

The areas on which coral limestone is now forining are large. 
The Great Barrier Eeef of Australia, which lies off the north- 
eastern coast, is twelve liimdred and fifty miles long, aiul has a 
width of from ten to ninety miles. Most of tlie islands of the 
tropics are either skirted with coral reefs or are themselves of 
coral formation. 

Conditions of coral growth. Eeef-building corals cannot live 
except in clear salt water less, as a rule, than one hundred and 
fifty feet in depth, with a winter temperature not lower than 
68° F. All important condition also is an abundant food sup- 
ply, and this is best secured in the path of the warm oceanic 
currents. 

Coral reefs may be grouped in three classes, — fringing reefs, 
barrier reefs, and atolls. 

L Fringing reefs. These take their uauie from the faet that they are 
attaclied as narrow fringes to the shore. An example is ihe reef which 
forms a. selvage about a mile wide along the northeastern coast of 
Cuba. The outer margin, indicated by the line of white surf, wliere 
laC corals are in vigorous growth, rises froiu about forty feet of water. 
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Between this and the shore lies a stretch of shoal across wdiich one can 
wade at low water, composed of coral sand with here and there a clump 
of growing coral. 

Barrier reefs. Eeefs separated from the shore by a ship 
cliaiinel of quiet water, often seye^^^^ miles in width and some- 
times as much as three hundred feet in depth, are known as 
barrier reefs. The seaward face rises abruptly from water too 
deep for coral grow^tli. Low islands are cast up by the waves 
upon the reef, and inlets give place for the ebb and flow of the 
tides. Along the west coast of the island of N'ewr Caledonia 
a barrier reef extends for four hundred miles, and for a length 
of many leagues seldom a|)proaches within eight miles of the 
shore. 

Atolls. These are ring-shaped or irregular coral islands, or 
island-studded reefs, inclosing a central lagoon. The narrow 
zone of land, like the rim of a great bowd sunken to the water’s 
edge, rises hardly more than twmnty feet at most above the sea, 
and is covered with a forest of trees such as the cocoanut, whose 
seeds can be drifted to it uninjured from long distances. The 
white beach of coral sand leads down to the growdng reef, on 
whose outer margin the surf is constantly breaking. The sea 
face of the reef falls off abruptly, often to depths of thousands 
of feet, wliile the lagoon varies in depth from a few" feet to one 
hundred and fifty or two hundred, and exceptionally measures 
as much as tliice hundred and fifty feet. 

Theories of coral reefs. Fringmg reefs require no explanation, 
since the depth of water about them is not greater than tliat at 
which coral can grow" ; but barrier reefs and atolls, w"liicli may 
rise from depths too great for coral growrth, demand a theory of 
their origin. 

Darwin’s tlieory holds that barrier reefs and atolls are formed 
from fringing reefs by S'uhsidenee. The rate of sinking cannot 
be greater than that of the upbuilding of the reef, since other- 
wdse the corals w"ould be carried below their depth and drowned. 
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The process is illustrated in Fig'ure 161, where t- represents a \ ol- 
canic island m mid ocean undergoing slow depression, and .s.s the 
sea level before the sinking began, when the island was surroundei 
by a fringing reef. As the island slowly sinks, the reef buibls 
up with equal pace. It rears its seaward face more steep than 
the island slope, and thus the intervenmg space between the sink- 
ing, narrowmg land and the outer margin of the reef constantly 
widens. In tliis mtervening space the corals are more or less 
smothered with silt from the outer reef and from the land, and 
are also deprived in large measure of the needful supply of food 



and oxygen by the vigorous growth of the corals on the miter 
rim. The outer rim thus becomes a barrier reef and the inner 
belt of retarded growth is deepened by subsidence to a riiip chan- 
nel, s' s' representing sea level at this time. The final stage, 
where the island has been carried completely beiieath^ the sea 
and overgrown by the contracting reef, whose outer ring now 
forms an atoll, is represented by s"s'. 

In ver}- many instances, however, atolls and liarrier reefs may 
be explained without subsidence. Thus a barrier leef mai bt 
formed by the seaward growth of a fringing reef upon the talus 
of its seaTace. In Figure 162 / is a fringing reef whose 
wall rises from about one hundred and fifty feet, the lower limit^ 
of the reef-budding species. At the foot of this submarine clitl 
a talus of fallen blocks t accumulates, and as it reaches the zone 
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of coral growth becomes the foundation on which tlie reef is 
steadily extended seaward. As the reef widens/ the polyps of 
the circiiinference flourish, while those of the inner belt are 
retarded in their growth and at 

last perish. Tlie coral rock of the f 

inner belt is now dissolved by sea 
water and scoured out by tidal 

currents until it gives place to a 

gradually deepening ship channel, Reef formed 

wliile the outer margin is left as ^^ithout Subhideiue 

a ])arrier reef .i;'rfnvt}i; ./; former 

* R*i».^Rigi’eef; C talus: 5, barrier 

in much the same way atolls 

may be built on any shoal which lies within the zone of coral 
growth. Such shoals may be produced when \'olcanic islands 
are leveled by waives and ocean currents, and when subma- 
rine plateaus, ridges, and peaks are built up by various organic 
agencies, such as molluscous and foraminileral shell deposits 
(Fig. 163), The reef-building corals, wdiose eggs are drifted 

widely o^^er the tropic seas 

« ^ ocean currents, colonize 

such submarine foundations' 
wlierever the conditions are 
fa^^orable for their growth. 
As the reef approaches the 
Via. laa. Seeti(’>ii of Atoll on a Shoal Surface the corals of the in- 
wiiidi has been built up to near the ^er area are smothered by 
Surtace by Organic Deposits upon a ^ . 

Submarine Volcanic Peak ^ and staived, and their 

V, volcano; f, foraminiforal deposits; m, paits die dissoh ed and 

molluscous shell deposits; c, coral reef ; SCOUred aW’ay ; wflllle those 
si, sen. level . „ 

01 the circiimierence, with 
a])iindant food supply, flourish and build the ring of the atoll. 
Atolls may be produced also by the backward drift of sand from 
either end of a crescentic coral reef or island, the spits uniting 
in the {|uiet wuiter of the lee to inclose a lagoon. In tlie Maidive 




Fun KJa. Seeti(Ui of Atoll on a Shoal 
which has been hnilt up to near the 
Surface by (Iryaiiic Deposits upon a 
Submarine Volcanic Peak 

V, volcano; f, foraminiforal deposits; 7n, 
uudluscons shell deposits; c, coral I'eef; 
si, sea level 
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Archipelago all gradations between crescent-sliaped islets ^ a 
complete atoll rings have been observed. 

In a number of instances vdiere coral reefs have been raised by 
movements of the earth's crust, the reef formation is found to be a tliin 
veneer built upon a foundation of other deposits. Thus Cliristmas 
Island, in the Indian Ocean, is a volcanic pile rising eleven himdred 
feet above sea level and fifteen thousand five huiidred feet above tlie 
bottom of the sea. The summit is a plateau surrounded by a. rim of 
lulls of reef formation, which represent the ring of islets of an ancient 
atoll. Beneath the reef are thick beds of limestone, composed largely 
of the remains of foraminifers, which cover the lavas and fragraeiital 
materials of the old submarine volcano. 

Among the ancient sediments which now form the stratitied rocks 
of the land there occur many thin reef deposits, but none are known of 
the immense thickness which modern reefs are supposed to reach 
according to the tlieory of subsidence. 

Barrier and fringing reefs are coinmonly interrupted off the mouths 
of rivers. Why? 

Summary. We hRxe seen that tlie oceari l)ed is tlie goal to 
wliicli the waste of the rocks of the land at last arrives. Their 
soluble parts, dissoh'ed by underground waters aiul caiiled to 
the sea by rivers, are largely built up by living creatures into 
vast sheets of limestone. The less solulde portions — tlie waste 
brought in by streams and the waste of the shore — form the 
muds and sands of continental deltas. All of these sea deposits 
consolidate and harden, and the colierent rocks of the laud are 
thus reconstructed on the ocean floor. But the destination is 
not a final one. The stratified rocks of the land are fur the 
most part ancient deposits of the sea, which have been lifted 
above sea level; and we may believe that the sediments now 
being laid offshore are the dust of continents to l)e ” and will 
some time emerge to form additions to the land. We are now to 
study the movements of the earth’s crust which restore tlie se<li“ 
ments of the sea to the light of day, and to wdiose l>eneficence 
we owe the habitable lands of the ])reseiit. 
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CHAPTER IX 

MOVEMENTS OF THE EARTH’S CRUST 

The geological agencies wMch we have so far studied- 
weathering, streams underground waters, glaciers, wmds, and 
tlic ocean — all work upon the earth from without, and all are 
set in motion by an energy external to the earth, namely the 
radiant energy of the sun. All, too, have a common teiiLoy 
to leduce the inequalities of the earth’s surface by leveling the 
lands and strewmg their waste beneath the sea. 

But despite the unceasing efforts of these external agencies, 
.6} have not destroyed the continents, which, still rear their 
ad plams and great plateaus and mountain ranges above the 

nudation have not yet had time to do their work, or they 
ha\e been opposed successfully by otlier forces 

of forces winch work upon the earth from wdthin, and increase 

and re- 
el ea-e le ands wduch the agents of denudation are continually 

w thdraw Its wmters from the shores. At times also these forces 
_ a\e aided ni the destruction of the lands by gradually lower- 
ing them and bringing in the sea. Under tlie action of forces 
resident wnthm the earth the crust slowly rises or sinks; from 
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^ nroRen; wli lie vast qiiaiiti- 

en rock have been pressed up into it from beiieatii 
ed iipon Its surface. We shall take up these pheno- 
: following chapters, which treat of uplieavals and 
of the crust, foldings and fractures of the crust, 
volcanoes, the interior conditions of the earth, min- 
E^icl ni6taiiiorpIiisni. 


(3scillatio^\s of ti 
^ Of tlie various movements of the c 
cies we will consider first those calleci 
depress laige areas so slowly that a lo 
dime perceptible changes of lei-el, and 
nearly their original horizontal attitud 
most conspicuous along coast 
the datum plane of sea lei-el 
illustrations from rising and 

. Jersey. Along the coasts of X 
Ingh tide ancient shell lieaps, the 
Meadows and old forest 
now overflowed by the sea, 
brought to shore by waves, 
stant, it is clear that the X 
file rate of submergence h, 
century. 

On the other hand, the wi 
■stratified sands and clays, which, as tlieir 
outspread beneath the sea. Their present 
proves that the land now subsiding emerged i 

Ihe coast of Xew Jersey is an exann; 
fiuil oscmations of the earth’s unstable 
along many shores. Some are emergiim 
sinking beneath it; and no part of the la 
exempt from these changes in the past. 


oseiUatioiis, wtdcli lift 
Jig time is iieeded to p; 
vdiieli leave tlie strata 
?. These inovements a 
tliey can lie referred 
; ^ve will therefore take oiir hr 
siiddng’ sliores. 

ew Jersey one mnv find awash 

reimiinsof IribalfeastsofalHiriudj. 

grounds, Avith ihe stumps still standin-’ ai 
and fragments of their turf .and wood at 
-• ssummg that the sea level remains coi 
ew r ersey coast is now gradnaliv sinkim 
as been estimated at about two feet r,e 
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Evidences of changes of level. Takiiig the surface of the 
sea as a level of reference, we may accept as proofs of relati\'e 
iipheaval whatever is now found in place above sea level and 
could have been formed only at or beneath it, and as proofs of 
relative subsidence whatever is now found beneath the sea and 
could only have been formed above it. 

ihiis old strand lines with sea cliffs, wave-cut rock benches, 
and beaches of wave-worn pebbles or sand, are strikmg proofs 
of recent emergence to the amount of their present height above 
tide. No less conclusive is the presence of sea-laid rocks which 
we may find in the iieighboring quarry or outcrop, although ifc 
may have been long ages since they were hfted from the sea to 
form part of the dry land. 

Among cominon proofs of subsidence are roads and buildings 
and other works of man, and vegetal growths and deposits, such 
as forest grounds and peat beds, iiow submerged beneath the sea. 
In the deltas of iiiany large rivers, such as the Po, the Nile, the 
Ganges, and the Mississippi, buried soils prove subsidences of 
hundreds of feet j and in several cases, as hi the Mississippi 
delta, the depression seems to be now in progress. 

Other proofs of the same movement are drowned land forms 
which are modeled only in open air. Smce rivers cannot cut 
their valleys farther below the baselevel of the sea than the 
depths of their channels, dro imied vcdleys among the plainest 
proofs of depression. To this class belong Narragansett, Dela- 
ware, Chesapeake, Mobile, and San Francisco bays, and many 
otlier similar drowned valleys along the coasts of the United 
States. Less conspicuous are the stthnarme channels which, 
as soundings show, extend from the mouths of a number of 
rivers some distance out to sea. Such is the submerged chan- 
nel whicli readies from New York Bay southeast to the edge 
of the continental shelf, and wliich is supposed to have been 
cut l)y the Hudson Eiver when this part of the shelf was a 
coastal plain. 
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' Warping. In a region undergoing elianges of level the rate 
of movement commonly varies in different parts. Portions of 
an area may be rising or sinking;wlide adjacent portions are 
stationary or moving in tlie opposite direction. In this way a 
land surface becomes warjped. Tliiis^ while hfova Scotia and 
'Sew Brunswick are now rising from the level of the sea, Prince 
Edward Island and Cape Breton Island are sinking, and the sea 
now flows over the site of the famous old town of Louisburg 
destroyed in 1758. 

Since the close of the glacial epoch the coasts of Newfoundland 
and Labrador have risen hundreds of feet, but the rate of emergence 
''jo ^ has not been iiniforin. The old 

^ strand line, which stands at 
*2 M Are hundred and seventy-five 

? ^ feet above tide at St. Jolin's, 

j Newfoundland, declines to two 

Imndred and lifty feet near 

scu Lvjvei northern poiiit of Labrador 

Fig. 1()4. Warped Strand Line from (Fig. 164). 

St. John s, Newfoundland, to Nach- Great Lakes. The region 

vak, Labrador . ^ : 

01 trie Great Jjakes is now under- 
going perceptible warping. Rivers enter the lakes from the south and 
west with sluggish currents and deep channels resembling the estua- 
ries of drowned rivers ; wdiile those that enter from opposite directions 
are swift and shallow^. At the ■western end of Lake Erie are found 
submerged caves containing stalactites, and old meadows and forest 
grounds are now nnder water. It is thus seen that the -water of the 
lakes is rising along their 'southwestern shores, while from their north- 
eastern shores it is being withdrawn!. The region of the Great Lakes 
is therefore warping ; it is rising in the northeast as compared with the 
southwest. 

From old bench marks and records of lake levels it has been esti- 
mated that the rate of warping amounts to five inches a century for every 
one hundred miles. It is calculated that the water of Lake IMicliigau is 
rising at Chicago at the rate of nine or ten inches per century. The 
divide at this point between the tributaries of the Mississippi and Lake 
Michigan is but eight feet above the mean stage . the lake. If the 
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canting of the region continues at its present rate, in a thousand years 
the waters of the lake ■will here overflow the divide. In three thousaiid 
five hundred years all the lakes except Ontario will discharge by this 
outlet, via the Illinois and Mississippi rivers, into the G-iilf of Mexico. 
The present outlet by the Niagara River will be left dry, and the divide 
between the St. Lawrence and the Mississippi systems will have shifted 
from Chicago to the vicinity of Buffalo. 



Physiographic effects of oscillations. We have already men- 
tioned several of the most important effects of movements of 
elevation and depression, such as their effects on rivers, the 
mantle of Avaste (pp. 85, 86), and the forms of coasts (p. 166). 
Movements of elevation — including uplifts by folding and 
fracture of the crust to be noticed later — are the necessary 
conditions for erosion by whatever agent. They determine the 
various agencies which are to be chiefly concerned in the \vear 
of any land, — whether streams or glaciers, 'weathering or the 
wind, — and the degree of their efficiency. The lands must 
be uplifted before they can be eroded, and since they must be 
eroded before their waste can be deposited, movements of ele- 
vation are a prerequisite condition for sedimentation also. Sub- 
sidence is a necessary condition for deposits of great thickness, 
such as those of the Great A^alley of California and the Indo- 
Gangetic plain (p. 101), the Mississippi delta (p. 109), and the 
still more important formations of the continental delta in 
gradually sinking troughs (p. 183). It is not too much to say 
that the character and thickness of each formation of the strati- 
fied rocks depend primarily on these crustal movements. 

Along the Baltic coast of Sweden, bench marks show that the sea is 
withdrawing from the land at a rate which at the north amounts to 
between three and four feet per century. Towards the south the rate 
decreases. South of Stockholm, until recent years, the sea has gained 
uiDoii the land, and here in several seaboard towns streets by the shore- 
are still submerged. The rate of oscillation increases also from the coast 
inland. On the other hand, along the German coast of the Baltic the 
only historic fluctuations of sea level are those which maybe accounted 
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for by yariations due to changes in rainfall. In 1730 Celsius explained 
the change.? of level of the Swedish coast as due to a low'ering of the 
Baltic instead of to an elevation of the land. Are the facts just stated 
consistent with liis theory? 

At the little town of Tadousac — wdiere the Saguenay River emp- 
ties into the St. Lawrence — there are terraces of old sea beaches, some 
almost as fresh as recent railway fills, the highest standing two hundred 
and thirty feet above the river 
(Fig. 165). Here the Saguenay 
is eight hundred and forty feet 
in depth, and the tide ebbs 
and flows far up its stream. 

Was its channel cut to this Fig. 166. Diagram showing Ruins of 
depth by the river when the Temple, North of Naples 

land was at its present height ? c, ancient sea cliff; m, marble pillars, 
What oscillations are here re- dotted \yJ:ie,re bored by mollusks; d, 
corded, and to what amount? present sea level 

A few miles north of Naples, Italy, the ruins of an ancient Koman 
temple lie by the edge of the sea, on a narrow plain which is overloolced 
in the rear by an old sea cliff (Fig. 166). Three marble pillars are still 
standing. For eleven feet above their bases these columns are unin- 
jured, for to this height they were protected by an accumulation of 
volcanic ashes; but from eleven to nineteen feet they are closely pitted 
with the holes of boring marine mollusks. From these facts trace the 
history of the oscillations of the region. 

Foldings of the Crust 

The oscillations which we have just described leave the strata 
not far from their original horizontal attitude. Figure 167 repre- 
sents a region in which movements of a very different nature 





THE ELEMENTS OF GEOLOGY 


nave taken place. Here, on either side of the we 

find outcrops of layers tilted at high angles. SecLioiis along 
the ridge r show that it is composed of la}'ers whicli slant 
inward from either side. In places tlie 
strata stand nearly on edge, 
and on the right of the valley tliey aie 
v--:. -UiL. overturned; a shale sh has eume 

Fig. 168 . Dip and Strike overlie a limestone Im, ahliough the 
shale is the older rock, whose original position was beneath the 
limestone. 

It is not reasonable to suppose that these rocks vere de2)Osited 
in the attitude in which we find them now ; ^ve must Ixdieve 
that, like other stratified rocks, they were outspread in iieaily 
level sheets upon the ocean floor. Since that time tliey must 
have been deformed. Layers of solid rock se\'eral miles in 
thickness have been crumpled and folded like soft wax in the 
hand, and a vast denudation has worn away the upper portions 
of the folds, in part represented in our section by dotted lines. 
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horizontal plane. The dip of a horizontal layer is zero, and tliat 
of a vertical layer is 90°. The direction of tire dip is taken 
with the compass. Thus a geologist’s notebook in describing 
the attitude of outcrojjping strata contains many such entries 
as these : dip 32° north, or dip 8° south 20° west , — meaning in 
the latter ease that the amount of the dip is 8° and the direc- 
tion of the dip bears 20° west of south. 


Fig. 170. Folded Strata, Coast of England 
A syncline in tlie center, with an anticline on either side 

The line of intersection of a layer with the horizontal plane 
is the siri/te. The strike always runs at right airgles to the dip. 

Dip and strike may be illustrated by a book set aslant on a shelf. 
The dip is the acute angle made with the shelf by the side of the 
book, while the strike is represented by a line running along the book’s 
upper edge. ]f the dip is north or south, the strike runs east and west. 

Folded structures. An upfold, in wliiclr the strata dip away 
from a line drawn along the crest and called the axis of the 
fold, is known as an anticline (Fig. 169). A downfold, where 
the strata dip from either side toward the axis of the trough, is 
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called a syncline (Fig. 170). There is sometimes seen a down- 
ward bend in horizontal or gently inclined strata, by which iliey 

descend to a lower le\'eL 
Snell a single flexure is a 
monocMne (Fig. 171). 

Degrees of folding. F olds 
vary in degree from broad, 
low swells, which can liard- 
ly be detected, to the mnsu 
Fig. 171. xV Monocline highly contorted and ctnn- 

plicated structures. In mjmmutrw folds (Figs. 169 and 180)tlie 
dips of the rocks on each side the axis of the fold are equal. 
In unsymmetrical folds one limb is steeper than the otlier, as 
in the anticline in Figure 167. In overturned folds (Figs. 16/ 
and 172) one limb is inclined beyond tlie perpendicular. Ftni 
folds have been so pinched that the original anticlines are left- 
broader at the top than at the bottom (Fig. 173). 
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’syeak rooks such as shales, the strong rocks are often bent into great 
simple folds, while the weak rocks are minutely crumpled. 

Systems of folds. As a rule, folds occur in systems. Over 
the Appalachian mountaiu belt, for example, extending from 
northeastern Pennsylvania to northern Alabama and Georoia, 
the earth’s crust has / ’ 

been thrown into a / 

series of parallel folds 

northeast to ^^south! 

Pennsylvania one Fig. 173 . Fan Folds, the Alps 

may count a score or more of these earth waves, — some but from 
ten to twenty miles in length, and some extemhng as much as 
two hundred miles before they die away. On the eastern part 
of this belt the folds are steeper and more numerous than on 
the western side. 

Cause and conditions of folding. The sections which we have 
studied suggest that rooks are folded by lateral pressure. Wlide 
a single, simple fold might be produced by a heave, a series of 
folds, includmg overturns, fan folds, and folds thickened on 
their crests at the expense of their limbs, could only be made 
r--- , , I in one way, — by pressure from the 

V/l has reproduced all 

forms of folds by subjecting to lat- 
lf’\ eral thrust layers of plastic material 

F,g. 174. Folds with Eayei-s 

tliic'.kened at the Crest as the force must have been 




Fig, 174. Folds with Layers ^ ^ * 

thickened at the Crest as the force must have been 

and thinned along the which coulcl fold the Solid rocks of 
the crust as one may crumple the 
lea^^es of a magazine in the lingers^ it is only xinder certain con- 
ditions tliat it could lia^^e produced the results which we see. 
Eocks are brittle, and it is only when under a heavy load^ and 
by great 2^ressure sloivly applied^ that .they can thus be folded 



Fig. 175. Relief Map of the Northern Appalachian Ke,iiiuii 
From Brigham’s Geographic Influences In Ame7ncan Jllstorg 


and bent instead of being crushed to pieces. Fiider these, 
ditions, experiments prove that not only metals sneli as ; 
but also brittle rocks such as marble, can be defoimed 
molded and made to flow like plastic clay. 
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Zone of flow, zone of flow and fracture, and zone of fracture. 
V\' e may believe that at depths which, joiiist be reckoned in tens 
of thousands of feet the load of overlying rocks is so great that 
rocks of all kinds yield by foldhig to lateral pressure, and flow 
instead of breaking. Indeed, at such profound depths and under 
such inconceivable weight no cavity can form, and any fractures 
would be healed at once by the welding of grain to grain. At 
less depths there exists a zone where soft rocks fold and flow 
under stress, and hard rocks are fractured ; while at and near 
the surface hard and soft rocks alike yield by fracture to strong 
pressure. 

Stiiuctures developed m Compkessed Rooks 

Deformed rocks show the effects of the stresses to which 
they have yielded, not only m the immense folds into which 
they have been thrown but in their smallest parts as well 
A hand specimen of slate, or even a particle under the micro- 
scope, may show plications similar in form and origin to the 
foldmgs which have produced ranges of mountains. A tiny 
flake of mica in the rocks of the Alps may be puckered by the 
same resistless forces which have folded miles of solid rock to 
form that lofty range. 

Slaty cleavage. Rocks which have yielded to pressure often 
split easily m a certain direction across the bedding planes. 
This cleavage is known as slaty cleavage, since it is most per- 
fectly developed in fiiie-grained, homogeneous rocks, such as 
slates, which cleave to the thin, smooth-surfaced plates with 
which we are familiar in the slates used in roofing and for 
ciphering and blackboards. In coarse-grained rocks, pressure 
de\'elops more distant partings which separate the rocks into 
blocks. 

Slaty cleavage cannot be due to lamination, since it commonly 
crosses bedding planes at an angle, while these planes have 
been often well-nigh or quite obliterated. Examining slate with 
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Fici. 176. Slaty Cleavage 


the lock. Its particles are flattened and lie with thefr broarl 
faces m paraUel planes, along which the rock naturX ^ 
more easily than in any other direction. The ii-recnilar cT,i ■ ^ 

I'le. 176. Slaty Cleavage maj' see in Figure 

the pressure was nearly llorkonta^''^^e^ 

acted at right angles to the cleavage, and to which it is 1 

tlieaanie latei.lpressuie which ha^tWi/:;:^ 

right angles to their cleaTfg^in thf feoHL 

such as nodules and fossils ha vf 1 V ^ ‘“'J' mclusions in them, 

then long diameters lying i’„ the pknl^oril™ 
that pressure is competent to cause cleavaaf i 
meat. Homogeneous material of fine gi-ain 

defoint?oil*°ef tlllSus regard to rock 

slowly that, like the deepeniiio' S^vop' so 

tl- notice of the inh^of 

Stresses slowly applied thnt mni i ^ is only inider 

Mcb rf »me of rtl5 , >“«'*'?■ Tl.e 

ttat stag, ,vsll-i„treothrf rh™‘“ri'T llr “ 

« the ,sgio„ ,,, in;': 
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a circular saw cuts its way through the log which is steadily 
driven against it, so these rivers sawed their gorges through 
the fold as fast as it rose beneath them. Streams which thus 
maintain the course which they had antecedent to a deforma- 
tion of the region are known as antecedent streams. Examples 
of such are the Sutlej and other rivers of India, whose valleys 
trench the outer raAges of the *>Himalayas and whose earlier 
river deposits have been upturned by the rismg ridges. On 
the other hand, moimtain crests are usually divides, parting the 
head waters of different drainage systems. In these cases the 
original streams of the region have been broken or destroyed by 
the uplift of the mountam mass across their paths. 

On the whole, wdiich have worked more rapidly, processes of defer- 
matioii or of denudation ? 


Land Forms due to Folding 

As folding goes on so slowly, it is never left to form surface 
features unmodified by the action of other agencies. An anti- 
clinal fold is attacked by 
erosion as soo.n as it begins 
to rise above the original 
level, and the higher it is 
uplifted, and the stronger 
are its slopes, the faster is 
it worn away. Even wliile 
rising, a young upfold is 
often tlius unroofed, and 
instead of appearing as a 
long, smooth, boat-shaped Unroofed Anticline 

ridge, it coinnionly has had opened along the rocks of tlie axis, 
when these are weak, a \nlley which is overlooked by tlie in- 
facing escarpments of the hard layers of the sides of the. fold 
(Fig. 177). Under long-continued erosion, anticlines may be 






degrade^^, to ,yalleys, while the synclines of the same system 
luay be left iii relief as lidges (Fig. 167). 

Folded. mountains. The vastness of tlie forces which wrhi- 
Ivle thef erust.'is .best realized in the jmesence of some lofty 
mountain range. All mountains, indeed, are not the result of 
folding. Some, as we shall see, are due to upwarps or to frac- 
tures of the crust; some are piles of volcanic material ; some 


I’io. 178. Mountain Peaks carved in Folded Strata, Rocky 

MoiiDtains, Montana 

are swelhngs caused by the intrusion of molten matter beneath 

•>“ 

“”ges »f the earth, and acme nf 
he pealea . such as the Alps and the Himalavas, tvert- rahu- 

a Md, 0 into a senes oj folds, forming „ s„ies ut 

.mred“‘; “f™"’® t » « ““"‘he.. ..1 [ulds hat i ten 

thrklsT.^7'‘° “ »I tl>e emst, i„ u hich 

layeis ha„ been so cumpW and uristej, overturned and 
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crushed; that it is exceedingly difficult to make out the origi- 
nal structure. 

The close and intricate folds seen in great mountain ranges 
were formed; as we have seen, deep below the surface; withm the 
zone of folding. Hence they may never have found expression 
ill any individual surface features. As the result of these defor- 
mations deep under ground the surface was broadly lifted to 
mountain height; and the crumpled and twisted mountain 



kiF 
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structures are now to l)e seen only because erosion has swept 
away the heavy cover of surface rocks under wliose load they 
were developed. 

When the structure of mountains has been deciphered it is possible 
to estimate roughly the amount of horizontal compression which the 
region has suffered. If the strata of the folds of the Alps were smoothed 
out, they would occupy a belt seventy -four miles wider than that to 
which they have been compressed, or twice their present width. A sec- 
tion across the Appalachian folds in Pennyslvaiiia shows a compression 
to about two thirds tlie original width; the belt has been shortened 
thirty-five miles in every hundred. 

Considering the thickness of their strata, the compression which moun- 
tains liave undergone accounts fully for their height, with enough to 
spare for all that has been lost by denudation. 

The Appalachian folds involve strata thirty thousand feet in thick- 
ness. Assuming that the folded strata rested on an unyielding founda- 
tion, and that what was lost in width 'was gained in height, what elevation 
would the range have reached had not denudation worn it as it rose? 
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The life history of mountainso While the disturbance and 
uplift of mountain masses are due to deform atFjii, tlieir scul])- 
ture into ridges and peaks, Aaxlle}^s and deep raA'ines, and all 
the forms which meet the eye in moimtam scener}^, excepting 
in the very youngest ranges, is due solely to erosion. IW may 
therefore classify mountains according to the degree to \\"hich 
they have been dissected. The Juras are an exam|de (jf tlie 
stage of early youth, in which the anticlines still persist as ridges 
and the synclines coincide with the vallex's ; tliis tliey owe as 
much to the slight height of their uplift as to the recency of its 
date (Fig. 180). 


The Alps were upheaved at various times (p. 399), tlie last 
uplift being later than the uplift of the Juras, but to so ]nuch 
greater height that erosion has already advanced them well on 



FiCr. 180. Section of a Portion of tlie Jura IM'oun tains 


towards maturity. The mountain mass lias been cut to the core, 
revealing strange contortions of strata vdiich could never have 
found expression at the surface. Sharp peaks, knife-edged crests, 
deep valleys with ungraded slopes subject to frecpient landslides, 
are aE features of Alpine scenery typical of a mountain range 
at this stage in its life history. They represent the survival of 
the hardest rocks and the strongest structures, and the destruc- 
tion of the weaker in their long struggle for existence against 
the agents of erosion. Although miles of rock have been re- 
moved from such ranges as the Alps, we need not suppose that 
they ever stood much, if any, higher than at present. All this 
vast denudation may easily have been accomplished while their 
slow upheaval was going on ; in several mountain ranges w'e 
Iiave evidence that elevation has not yet ceased. 

Under long denudation inoimtains are subdued to the fcrms 
characteristic of old age. The lofty peaks and jagged crests of 



. 181. Yoiiii^ MoiiJitaiiis, Rocky Mountains of Canada 




i iG> 182, feiubdued the Ilai'tz ^loiin tains, Germany 

iiilei tliat their folds were once lifted to the height of iiiouiitains 
and have since been wasted to low-lying lands. Such a section 
as that of Figure 67 illustrates how ancient mountains may be 
leveled to their roots, and represents the hnal stage to wliieli 
even the Alps and the Himalayas must sometime aiTivi^ 
Mountains, perhaps of Alpine height, once stood about Lake 
Superior ; a lofty range once extended from Hew England ami 
iSew Jersey southwestward to Georgia along tlie Piedmont belt. 
In our study of historic geology \ve shall see more clearly how 


their earlier life are smoothed down to low domes and rounded 
crests. The southern Appatacliians and portions of the Hartz 
Mountains in Germany (Fig. 182) are examples of mouiitams 
wliich have reached this stage. 

There are numerous regions of upland and plains in wliicIi 
the rocks are found to have the same structure that we have 
seen in folded mountains ; they are tilted, crumpled, and over- 
turned, and have clearly suffered intense compression. We may 
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short is the life of mountains as the earth counts time, and how 
great ranges have been lifted, worn away, and again upheaved 
hito a new cycle of erosion. 

The sedimentary history of folded mountains. We may men- 
tion here some of the conditions which have commonly been 
antecedent to great foldings of the crust. 

1. Mountain ranges are made of belts of enormously and 
exceptionally thick sediments. The strata of the Appalachians 
are thirty thousand feet thick, while the same formations thin 
out to five thousand feet in the Mississippi valley. The folds of 
the Wasatch Mountains hivolve strata thirty thousand feet thick, 
which thin to two thousand feet in the region of the Plains. 

2. The sedimentary strata of which mountains are made are 


for the most part the shallow-water deposits of continental 
deltas. Mountain ranges have been upfolded along the margins 
of continents. 


1 


i. 


3. Sliallo w- water cleposits of tlie immense tliiclaiess found 
in mountain ranges can be laid only in a gradually sinking area. 
A profound subsidence, often to be reckoned in tens of tliou- 
sands of feet, precedes the iipfolding of a mountain range. 

Thus the history of mountains of folding is as follows : For 
long ages the sea bottom off the coast of a continent slowly 
subsides, and the great trough, as fast as it forms, is filled with 
sediments, which at last come to be many thousands of feet 
thick. The downward movement finally ceases. A slow but 
resistless pressure sets in, and gradually, and with a long series 
of many intermittent movements, the vast mass of accumulated 
sediments is crumpled and uplifted into a mountain range. 

Feactitres and Dislocations of the Crust 


Considering the immense stresses to which the rocks of the 
crust are subjected, it is not surprising to find that they often 
yield by fracture, like brittle bodies, instead of by folding and 
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flowing, like plastic solids. Whether rocks l.)eiul or break de- 
pends on the character and condition of the rocks, the load of 
overlyuig rocks which they bear, and the amount of the force 
and the sloYniess with which it is applied. 

Joints. At the surface, where their load is least, we find rocks 
unh^ersally broken into blocks of greater or less size b}- partings 
knowa as joints. Under this name are mcluded many division 
planes caused by cooling and drying ; but it is now'generally 
believed that the larger and more regular joints, e.specially tliose 


e strata, are frae- 
ngs and twi.stings 


Joints are used to gi-eat advantage in quarrving, and i 
seen liow they are utilized by the weather hri.reaking 
masses, by rivers in ividenmg their valiej-s, by the sea in 
back its cliffs, by glaciers in plucking their beds, and Ik 
are enlarged hi soluble rocks to form natural passa<mw 
underground waters. The ends of tlie parted strata 



both sides of joint planes ; in joints there has been little or no 
displacement of the broken rocks. 

Faults. In Figure 184 the rocks have been both broken and 
dislocated along the plane ~ff. One side must have been moved 
up or down past the other. Such a dislocation is called a fault. 
The amount of the displacement, as mea.sured by the vertical 
distance between the ends of a parted layer, is the throw \cd). 
The angle {ff v) which the fault plane 
makes with the vertical is the hade . 

In Figure 184 the right side has gone 
down relatively to the left; the right 
is the side of the downthrow, wlule 
the left is the side of the upthrow. 

Where the fault plane is not vertical the 
surfaces on the two sides may be dis- 

tinguislied as the hanging wall (that on the right of Figure 184) 
and the foot wall (that on the left of the same figure). Faults 
differ in throw from a fraction of an inch to many thousands 
of feet. 
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Slickensides. If we examine the walls of a fault, we may find fmther 
evidence of nioveinent in the fact that the surfaces are polished and 
grooved by the enormous friction which they have suffered as they 
have ground one upon the other. These appearances, called slicken- 
sides, have sometimes been mistaken for the results of glacial action. 

Normal faults. Faults are of two kuids, — normal faults 
and thrust faults. FTormal faults, of which Figure 184 is an 
example, hade to the downthrow ; the hanging wall has gone 
down. The total length of the strata has been increased by the 
displacement. It seems that the strata have been stretched and 
hroken, and that the blocks have readjusted themselves under 
the action of gravity as they settled. 

Thrust faults. Thrust faults hade to the upthrow; the 
hangmg wall has gone up. Clearly such faults, where the strata 
occupy less space than before, are due to lateral thrust. Folds 
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Fig. 185. A Thrust Fault 




and thrust faults are closely associated. Under lateral pressure 
strata may fold to a certain point and then tear apart and fault 
along the surface of least resistance. Under immense jiressure 
strata also break by shear without folduig. Thus, in I'igure 185, 
the rigid earth block under lateral thrust has found it easier to 
break along the fault plane than to fold. Where such faults are 
I nearly horizontal they are 

f '"I distinguished as thrust 

^ ^ ^ — I — 1 — S — Wd 111 all thrust faults one 

Fig. 185. A Thrust Fault has been pushed over 

another, so as to bring tlie 
underh-mg and older strata upon younger beds ; and when tlie 
fault planes are nearly horizontal, and especially when the rooks 
have been broken into many slices which liave slidilen far one 
upon another, the true succession of strata is extremely hard to 
decipher. 

In the Selkirk Mountains of Canada the basement rocks of the region 
have been driven east for seven miles on a thrust plane, over rocks 
which originally lay thousands of feet above them. 

Along the western Appalachians, from Yirginia to Georgia, the 
mountain folds are broken by more than fifteen parallel thrust planes, 
running from northeast to southwest, along which the older strata have 
been pushed westward over the younger. The longest continuous fault 
has been traced three hundred and seventy-five miles, and the greatest 
horizontal displacement has been estimated at not less than eleven miles. 

^ Crush breccia. Eocks often do not fault with a clean and 
simple fracture, but along a zone, sometimes several yards in 
width, in which they are broken to fragments. It may occur 
also that strata wdiich as a whole yield to lateral thrust bv 
folding include beds of brittle rocks, such as tlnu-hiyered lime- 
stones, which are crushed to pieces by the strain. In either 
case the fragments when recemented by percolating waters form 
a rock known as a crush breccia (pronounced Iretdia) (Fig. 186). 
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Breccia is a term a|)i3liecl to any rock formed of cemented 
angidar fragments. This rock may be made by the consolida- 
tion of volcanic cinders, of angular waste at the foot of cliffs, or 
of fragments of coral torn by the waves from coral reefs, as well 
as of strata crushed by crustal movements. 


SUKFAGE FeATUBES DUE TO DISLOCATIONS 

Fault scarps. A fault of recent date may be marked at sur- 
hice by a scarp, bec^^ the face of the upthrown block has not 

throw side, emerge . 

in a line of cliffs. Img. 186. Breccia 

Where a fault is so old that no abrupt scarps appear, its general 
course is sometimes marked by the line of division between 
highland and lowland or hill and plain. Great faults have some- 
times brought ancient crystalline rocks in contact with weaker 
and younger sedimentary rocks, and long after erosion has de- 
stro}T^.d all fault scarps the harder crystallines rise in an upland 
of rugged or mountainous country which meets the lowland 
along the line of faulting. 
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The vast majority of faults give rise to no surface features. 
Tlie faulted region may be old enough to have been baseleveled, 
or the rocks on both sides of the line of dislocation may be 
alike in their resistance to erosion and therefore ]ia\’e been 

worn down to a common slope. 
The fault may be entirely eon- 
cealed by the mantle of waste, 
and ill such cases it can be iii- 
ferred from abrupt changes in 
the chamcter or the strike and 
dip of the strata where tliey 
may outcrop near it (Fig. 187). 

The plateau trenched liy tlie 
Gi’aiid Canyon of the Colorado 
Ivivcr exhibits a serios of nia;^- 
nificent fault scar]‘>s whose general course is from north to south, maik- 
ing the edges of the great crust blocks into which the country has 1>een 
broken. The highest part of the plateau is a crust block ninety miles 
long and thirty-five miles in inaxiiniun widtli, wliicli lias been hoisted 
to nine thousand three hundred feet above sea level. On the east it 
descends four thousand feet by a inonoclinal fold, which passes into a 
fault towards the north. On the west it breaks down by a succession of 



Fig, 188. East-West Section across the Broken Plateau north of the 
Grand Canyon of the Colorado Iviver, Arizona 


terraces faced by fault scarps. The throw of these faulbs varies from 
seven hundred feet to inore than a mile. The escarpmeubs, how<iver, 
are due in a large degree to the erosion of weaker rock on the down- 
throw side. 

The Highlands of Scotland (Fig. 189) meet the Lowlands on the south 
•with a bold front of rugged hills along a line of dislocation which runs 



Fig. 187. A Concealed Fault 

This fault may he inferred from the 
changes in strata in passing along the 
strike, as from b to a' and from c to 1/ 
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across the country from sea to sea. On the one side are hills of ancient 
crystalline rocks whose crumpled structures prove that they are hut the 
roots of once lofty mountains ; on the other lies a lowland of sandstone 
and other stratified rocks formed from the waste of those long-vanished 
mountain ranges. Remnants of sandstone 
occur in places on the north of the great 
fault, and are here seen to rest on the worn 
and fairly even surface of the crystallines. 

We may inter that these ancient mountains 



were reduced along their margins to low Fig. 189. Tlie Fault separat- 
plains, which were slowly lowered beneath Hlghlaiids and the 

the sea to receive a cover of sedimentary Rowlands, Scotland 
rocks. Still later came an uplift and dislocation. On the one side 
erosion has since stripped off the sandstones for the most part, but the 
hard cryftalline rocks yet stand in bold relief. On the other side the 
weak sedimentary i^ocks have been worn dovm, to lowlands. 

Rift valleys. In a broken region undergoing uplift or the 
niie(|iial settling wdiicli may follow, a slice inclosed between two 
fissures inay sink below the level of the crust blocks on either 
side, thus forming a linear depression known as a rift valley, or 
valley of fracture. 


One of the most striking examples of this rare type of valley is the 
long trougli wliich runs straight from the Lehanori ]\rouritains of Syria 
on the north to the Red Sea on the south, and whose central portion is 



occupied by tlie Jor- 
dan valley and the 
Dead Sea. The pla- 
teau which it gaslies 


Fig. 190. Section from the Mountains of Palestine 
to the. Mountains of Moab across the Dead Sea 


a, ancient scliists; 


h, Ca,r])oniferous strata; c, tZ, and 
(fi'ctaceous strata 


nas Deen luted more 
than three thousand 
feet above sea level, 
and the bottom of the 

of two thousand six hundred feet below that level in parts of the Dead 
Sea. South of the Dead Sea the floor of the trough rises somewhat 
above sea level, and in the Gulf of Akabah again sinks below it. This 
uneven floor could he accounted for either by the profound warping of 
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a valley of erosion or by the unequal depression of the floor of a rift 
valley. But that the trough is a true valley of fracture is p:roved by 
the fact that on either side it is bounded by fault scarps and inouncliual 
folds. The keystone of the arch has subsided. geologists belit.na* 

that the Jordan-Akabah trough, the long narrow basin of the Red Sea. 
and the chain of down-faulted valleys which in Africa extends from the 
strait of Bab-el-Mandeb as far south as Lake bTyassa — valleys whicii 
contain more than thirty lakes — belong to a single system of dislocation. 

Should you expect the lateral valleys of a rift valley at the time of 
its formation to enter it as hanging valleys or at a coinmon level? 

Block mountains. Dislocations take place on so grand a 
scale that by the upheaval of blocks of the earth’s crust or the 
down-faulting of the blocks about one ■wliich is relati^'ely sta- 
tioiiary, mountains known as block mountains are produced. 
A tilted crust block may present a steep slope on the side np- 
heaved and a more gentle descent on the side depressed. 


The Basin ranges. The plateaus of the United States bonnded !>y the 
Rocky ]\Iountains on the east, and on the west by tl:ie‘ ranges wliicli 
front the Pacific, have been profoundly fractured and faulted. The 

system of great fissures 
by wbieli they are broken 
extends north and south, 
and the long, narrow, 
tilted crust blocks inter- 
cepted between the fis- 
sures give rise to the 
numerous north-south ranges of the region. Some of the tilted blocks, 
as those of southern Oregon, are as yet but moderately carved by ero- 
sion, and shallow lakes lie on the waste that has been washed into the 
depressions between them (Fig. 191). AUe may therefore conclude that 
their displacement is somewhat recent. Others, as those of Xevada, art^ 
so old that they have been deeply dissected; their original form has 
been destroyed by erosion, and the intermontane depressions are oceu];>ied 
by wide plains of w^aste. 

Dislocations and river valleys. Before geologists liail prow-tl 
that rivers cau by their own unaided efforts cut deeii eau\-ons, it 



Fig. 191. Block Mountains, Southern Oregon 
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was eoimu(3n to consider any narrow gorge i 
of the crust. This crude view has long '^sin 
A map of the plateaus of northern Arizona 
pendent of the immense faults of the region if 
Colorado Eiver. In the Alps the tunnels oi 
hard railway pass six times beneath the gorge 
at no jioint do the rocks show the slightest ta-i 
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of shape the square-set timbers in horizontal drifts and has closed 
some Vertical shafts by shifting the upper portion across the iowcr. 
Along one of the faults of this region it is estimated tiial tln*re lias 
been a movement of at least four hundred feet since the Glacial epoch. 
More conspicuous are the instances of active faidting by meaiis of 
sudden slips. In 1891 there occurred along an old fault plane iii Ja|>an 
a slip which produced an earth rent traced for fifty miles (Fig. 

The country on one side ivas depressed in places twenty feet ]:m:‘1ow 
that on the other, and also shifted as much as thirteen feet horizon- 
tally in the direction of the fault line. 

In 1872 a slip occurred for forty miles on tlie great line of dislocation 
which runs along the eastern base of the Sierra Nevada Mountaiiis. 
In the Owyms valley, California, the throw amounted to twenty-five fetd 
in places, with a horizontal movement along the fault line of as much as 
eighteen feet. Both this slip and that in Japan just mentioned caused 
severe earthquakes. 

For the sake of clearness we have described oscillations, fold- 
ings, and fractures of the crust as separate processes, each giv- 
ing rise to its own peculiar surface featureKS, but in nature 
earth inoveinents are by no means so simple, — they are often 
implicated with one another: folds pass into fmilts; in a 
deformed region certain rocks have bent, while others under the 
same strain, but under different conditions of plasticity and 
load, have broken ; folded mountains have been worn to their 
roots, and the peneplains to wliich they have been denuded 
have been iipwarped to mountain height and afteiwards dis- 
sected, as in the case of the Alleghany ridges, the soiitherii 
Carpathians, and other ranges, — or, as in the case of the Sierra 
Nevada Mountains, have been broken and uplifted as moiintaiiis 
of fracture. 

Draw the following diagrams, being careful to sliow the direction in 
which the faulted blocks have moved, by the position of the two parks 
of some tvell-defined layer of limestone, sandstone, or shah^ which 
occurs on each side of the fault plane, as in Figure 181. 

1. A normal fault with a hade of 15°, the original fault scai-p 
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2. A normal fault with a hade of 50° the original fault scarp worn 
away, showing cliffs caused by harder strata on the dowastlirow side. 

3. A thrust fault with a hade of 30° showdng cliffs due to harder 
strata outcropping on the downthrow. 

4* A thrust fault with a hade of 80°, with surface baseleveled. 

5. In a region of normal faults a coal mine is being worked along 

th(3 seam of coal A R (Fig. 193). At H it is found broken 

by a fault / which hades toward A. To find the seam 

again, should you advise tunneling iqr or down from JS ? A ^ . 

6. In a vertical shaft of a coal mine the same bed of 

coal is pierced twuce at different levels because of a fault. 493 

Draw a diagram to show whether the fault is normal or a thrust. 




Fig. 104. Ridges to be explained by Faultiiig 

7. Copy the diagram in Figure 194, showing how tlie Uyo ridges may 
b(‘ accounted for by a single resistant stratum dislocated by a fault. Is 
the fault a strike fault, i.e. one running parallel with the strike of the 
strata, or a dip fault, one running parallel with tlie direction of the dip? 
e c . 


Fiu 105. Earth Block of Tilted Strata, witli Included Seam of Coal cc 

S. Draw a diagram of the block in Figure 105 as it would appear if 
dislocated along tlie plane efg by a normal fault whose throw equals 
one fourth the heiglit of the block. Is the faiult a strike or a dip fa.ultV 
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Draw a second diagram showing the same block after deniidatioo has 
worn ifdowii below the center of the upthrown side. Note that tlni out- 
crop of the coal seam is now deceptively repeated. This exercise may 
be done in blocks of xvood instead of drawings. 



Fig. 191:), A and B. Repeated Outcrops of tlie Same Strata 

9. Draw diagrams showing by dotted lines the conditions both of .1 
and of B, Figure 196, after deformation had given tlie strata tlieir pres- 
ent attitude. 



10. What is the attitude of tlie strata of this earth block. Figure 197? 
What has taken place along the plane ^Tllen did the dislocation 

occur compared with the folding of the strata? with the erosion of tlie 
valleys on the right-hand side of the mountain? with tin* deposition of 
the sediments ej^? Do you find any remnants of the original surface 
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?>r// produced by the dislocation? From the left-hand side of the moiin- 
taiu infer wliat Avas the relief of the region before the dislocation. Giv-e 
the complete history recorded in the diagram from the deposition of tlie 
strata to the present. 



Scale 1 inch = l(>(j() feet 

Fig. 198. A Faulted Lava Aleasiirement of the Thickness 

Flow aa' of Inclined Strata 

11. Which is the older fault, in Figure 108, —/or/"? When did the 
lava flow occur i How long a time elapsed between the forinatioii of the 
two faults as nieasured in the work done in the interval? How long a 
time since the formation of the later fault? 

12. Measure by the scale the thickness he of the coal-bearing strata 
outcropping from a to h in Figure 199. On any convenient scale draw 
a similar section of strata with a dip of 30° outcropping along a hori- 
zontal line normal to the strike one thousand feet in length, and meas- 
ure the thickness of the strata by the scale employed. The thickness 
may also be calculated by trigonometry. 

Unconformity 

Strata deposited one upon another in an unbroken succession 
are said to be conforonaUe. But the continuous deposition of 
strata is often inteiTupted by movements of the earth’s crust. 
Old sea floors are lifted to 
form land and are again 
depressed beneath the sea 
to receive a cover of sedi- 
ments only after an inter- 
xiil during which they 
were carved by suhaerial 



Fig. 200. Unconformity between 
Parallel Strata 


erosion. An erosion surface which thus parts older from younger 
strata is known as an unconfonnity, and the strata above it are 
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said to be unconformcMe with the rocks belo\\% or to rest iiiicoii- 
formably upon them. An imconformity thus records niovemeiits 
of the crust and a consequent break in the deposition of tlie strata. 
It denotes a period of land erosion of greater or less lengtlg 
which may sometimes be roughly measured by tlie stage in the 

erosion cycle wliicli the 
land surface had attained 
before its burial. Uiicoin 
formable strata may be 
2 Kimllel, as in Figure 200, 
Fig. 201. UBCoiiformity between Non- record includes 

parallel Strata 

tlie depjosition of strata a, 
their emergence, the erosion of the land surface a submer- 
gence and the deposit of the strata 1), and lastly, emergence and 
tlie erosion of the present surface s' s’. 

Often the earth movements to which the uplift or depression 
was due involved tilting or folding of the earlier strata, so tliat 
the strata are now nonparallel as well as iinconformable. In 
Figure 201, for example, the record includes deposition, uplift, 
and tilting of a ; erosion, depression, the deposit of h ; and finally 
the uplift which has 
brought the rocks to 
open air and permitted 
the dissection by which 
the unconformity is re~ 

A'caled. 

From this section we 
infer that during early 
Silurian times the area 
was sea, and thick sea 
muds were laid upon it. 

These were later altered 
to hard slates by pressure 
and upfolded into moun- 
tains. During the later 



Fig. 202. Carboniferous Limestones nesting 
unconformably on Early Silurian Slates, 
Y orkslure, England 
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Silurian and the Devonian the area was land and suffered vast denuda- 
tion. In the Carhoiiiferous period it was lowered beneath the sea and 
received a cover of liinestoiie. 



The age of mountains. It is largely by means of imcoiifonni- 
ties that we read the history of mountain making and other 
deformations and movements of the 
crust. In Figure 203, for example, 
the deformation which iipfolded the 
range of iiioun tains took place after 
the deposit of the series of strata a 
of which the mountains are com- 
posed, and before the deposit of the stratified rocks ?>, which 
rest unconformably on a and have not shared their uplift. 

Most great inouiitain ranges, hke the Sierra Nevada and the 
Alps, mark Imes of weakness along wliich the eartli’s crust has 
yielded again and again during the long ages of geological time. 

The strata deposited at 


Fig. 20S. Diagram illustrating 
bow the Age of Mountains 
is determined 



Fig. 204. Section of Mountain Range showing 
Repeated Uplifts 


a, strata whose folding formed a mountain range; 
uu, baseleveled surface produced by long de- 
nudation of the mountains; 5, tilted strata 
resting unconformably on a; -c, horizontal 
strata parted from b by the unconformity 
ti'u'. The first uplift of the range preceded 
the period of time when 6 was deposited. The 
second uplift, to which the present mountains 
owe their height, was later than this period hut 
earlier than the iieriod when strata c were laid 


various times about 
their flanks have been 
infolded by later crump- 
lings with the originai 
mountain mass, and 
have been repeatedly 
crushed, inverted, 
faulted, intruded with 
igneous rocks, and de- 
nuded. The structure 
of great mountain 
ranges thus becomes 
exceedingly c o m pi e x 


and difficult to read. A comparatively simple case of repeated 
uplift is shown m Figure 204. In the section of a portion of 
the Alps shown in Figiire 179 a far more complicated history 
may he deciphered. 
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Fig. 205. Unconformity showing Buried Valleys 

/m, limestoBs; sh, shale; r, r', and river silts filling eroded valleys in the liino- 
stone. The upper surface of the limestone is evidently a land surface devel- 
oped by erosion. The valleys which treiieh it are narrow and steep-sided; 
hence the land surface had not reached maturity. The sands and muds, now 
hardened to firm rock, which fill these valleys, r, r\ and r", contain no relics 
of the sea, but instead the remains of land animals and plants. They are 
river deposits, and we may infer that owing to a subsidence the young rivers 
ceased to degrade their channels and slowly filled their gorges with sands and 
silts. The overlying shale records a further depression which hroiiglit the 
land below the level of the sea. A section similar to this is to lie seen in the 
coal mines of Bernissant, Belgium, where a gorge twice as deep as that of 
Niagara was discovered, within whose ancient river deposits were found en- 
tombed the skeletons of more than a score of the huge reiitiles characteristic 
of the age when the gorge was cut and filled 


Fig. 206. Unconformity showing Buried Mountains, Scotland 

gUf ancient crystalline rocks; ss, marine sandstones. The surface bb of the an- 
cient crystalline rocks is mountainous, with peaks rising to a height of as 
much as three thousand feet. It is one of the most ancient land surfaces on 
the planet and is covered unconformably with pre-Cambrian sandstones thou- 
sands of feet in thickness, in which the Torridonian Mountains of Scotland have 
been carved. What has been the history of the region since the mountainous 
surface was produced by erosion ? 


Unconformities in the Colorado Canyon, Arizona. How geological liis- 
tory may be read in unconformities is further illustrated in Figures 
207 and 208. The dark crystalline rocks a at the bottom of the can- 
yon are among the most ancient known, and are overlain unconformably 
by a mass of tilted coarse marine sandstones h, whose total thickness 
is not seen in the diagram and measures twelve tliousand feet perpen- 
dicularly to tlie clip. Both a and h rise to a common level nn\ and u]>on 
them rest the horizontal sea-laid strata c, in which the upper portion 
of the canyon has been cut. 
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Note that the crystalline rocks a have been crumpled and oruslied. 
Comparing their structure with that of folded mountains, wliat do you 
infer as to their relief after their deformation? To which surface were 





Fig. 207. Diagram of the Wall of the Coloiudo Canyon, Arizona, 
showing Unconformities 


they first worn down, mm' or nm ? Describe and account for the siir- 
# face mm'. How does it differ from the surface of the crystalline rocks 
seen in the Torridonian Mountains (Fig. 206), and wliy? This sur- 
face mm' is one of the oldest land surfaces of which any vestige remains. 











Fig. 208. View of the North Wall of the Grand Canyon of the Colorado 
Fiver, Arizona, showing the Unconformities illustrated in Figure 207 


It is a bit of fossil geography buried from view since the earliest geo- 
logical ages and recently brought to light by the erosion of the canyon. 

How did the surface mm' come to receive its cover of sandstones h ? 
From the thickness and coarseness of these sediments draw inferences 
as to the land mass from wdiich they were derived. AVas it rising 
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or subsiding? liigli or low? Were its streams slow or swift? Was the 
amount of erosion small or great? 

Note the strong dip of these sandstones Was the surface 
tilted as now wdien the sandstones w^ere deposited upon it ? When was 
it tilted ? Draw^ a diagram showing the attitude of the rocks after this 
tilting occurred, and their height relative to sea level. 

The surface nn' is remarkably even, although diversified by some low 
hills which rise into the bedded rocks of c, and it may be traced for 
long distances up and down the canyon. WYre the layers of h and tlie 
surface always thus cut short by nn' as now? What has made tlie 

surface so even? How does it come to cross the hard crystalline 

rocks a and the weaker sandstones h at the same impartial level? 
How did the sediments of c come to be laid upon it? Give now the 
entire history recorded in the section, and in addition that involved in 
the production of the platform P, shown in Figure 130, and that of the 
cutting of the canyon. How does the time involved in the cutting 
of the canyon compare wdth that required for the production of tlie 
surfaces mm^ nn'y and P? 



Fig. 200. Unconformity between the Cambrian and Pre-Cambrian Eocks, 

Wisconsin 

a, pre-Cambrian rocks, igneous and metamorplhe, greatly deformed; cC, zone 
of decomposed pre-Cambrian rocks and residual clays on wliieh re.k tlie 
Cambrian sandstones h. What unconformity do you lind here? Wliat two 
peneplains do you discover? Wliicli is the older? * Which was the more com- 
plete? To what stage has the present erosion cycle advanced? Suggest a 
reason why the valleys in the Cambrian are wider than those in tlie pre- 
Cambrian. When did the decay of the pre-Cambrian rocks of zone a' take 
place, and under what circumstances? Give the entire history recorded in 
this section, stating the successive cycles of erosion in their order and the 
causes which brought each cycle to a close 





CHAPTER X 
EARTHQUAKES 

Any sudden movement of the rocks of the crust, as when 
they tear apart when a fissure is formed or extended, or slip 
from time to time along a growing fault, produces a jar called 
an earthquake, which spreads in all directions from the place 
of disturbance. 

The Charleston earthquake. On the evening of August 31, 1886, the 
city of Charleston, S. C., was shaken by one of the greatest earthquakes 
which has occurred in the United States. A slight tremor which 
rattled the windows ivas followed a few seconds later by a roar, as of 
subterranean thunder, as tlie main shock passed beneath the city. 
Houses swayed to and fro, and their heaving floors overturned furniture 
and threw persons off their feet as, dizzy and nauseated, they rushed 
to tlie doors for safety. In sixty seconds a number of houses were com- 
pletely wrecked, fourteen thousand chimneys were toppled over, and in 
all the city scarcely a building was left without serious injury. In the 
vicinity of Charleston railways were twisted and trains derailed. Fis- 
sures opened in the loose superficial deposits, and in places spouted 
water mingled with sand from shallow underlying aquifers. 

The point of origin, or fociLS^oi the earthquake was inferred from 
subsequent investigations to be a rent in the rocks about twelve miles 
beneath the surface. From the center of greatest disturbance, which 
lay above the focus, a fe’w miles northwest of the city, the surface 
shock traveled outward in every direction, with decreasing effects, at the 
rate of nearly twm hundred miles per minute. It was felt from Boston 
to Cuba, and from eastern Iowa to the Bermudas, over a circular area 
whose diameter W’ as a thousand miles. 

An eaiHi quake is traiismitted from tlie focus through the 
elastic rocks of the crust, as a wave, or series of waves, of com- 
pression and rarefaction, much as a sound wave is transmitted 
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through the elastic medium of the air. Each earth particle 
vibrates with exceeding swiftness, hut over a very short path. 
The swing of a particle in firm rock seldoin exceeds one tenth 
of an inch in ordinary earthquakes, and when it reaches one 
half an inch and an inch, the movement becomes dangerous 
and destructive. 

The velocity of earthquake waves, like that of all elastic 
waves, varies with the temperature and elasticity of tlie medium. 
In the deep, hot, elastic rocks they speed faster than in tlie 


Fig. 210. Block of the Earth’s Crust shaken by an Eartliquake 

X, focus; a, h,c,d, successive spheroidal waves in tlie crust; a', h% it, succes- 
sive surface waves produced by the outcropping- of a, b, c, and d 


cold and broken rocks near the surface. The deeper the point 
of origin and the more violent the initial shock, the faster and 
farther do the vibrations run. 

Great earthquakes, caused by some sudden displacement or 
some violent rending of tlie rocks, shake the entire planet. 
Their waves run through the body of the earth at the rate of 
about three hundred and fifty miles a minute, find more slowdy 
round its Circumference, registering their arrival at opposite 
sides of the globe on the exceedingly delicate instruineiits of 
modern earthquake observatories. 

Geological effects. Even great earth <[uakes seldom produce 
geological effects of much importance. Landslides may be 
shaken down from the sides of mountains and hills, and 
cracks may be opened in the surface deposits of plains: Imt 
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the transient shiver^ which may overturn cities and destroy 
thousands of liiiinan lives, runs through the crust and leaves 
it iriuch the same as before. 

The India earthquake of 1897 . No earthquake of history has pro- 
duced greater geological effects than that which shook iiortheastern 
India in 1897. It laid in ruins a region thrice the size of the state of 
New York. In places not a masonry building was left standing and 
hard-wood trees were snapped across. Foothills of the Himalayas 
were stripped of soil and forests from base to summit by landslides. 
Streams Avliicli before were busily cutting down their rocky beds were 
now overloaded with waste from the slides. They were compelled to 
cease eroding their beds while they spread their valleys deep with 
sand, over which they now flow in broad and shallow^ channels. The 
incoherent deposits of the alluvial plains wure riddled with rents 
through 'which ground water was forced out in such quantities as to 
flood considerable areas. 

Certain other effects often attributed to the earthquake are rather 
the manifestations of the dislocation to which the earthquake was due. 
Perraanent changes of level were effected. Some hills were found to 
have been lifted twenty feet, while others were lowered, and resurveys 
proved that the entire region had been compressed horizontally from 
north to south. Displacements occurred along several fault lines. One 
of these, with a throw of twenty -five feet at the surface and a length of 
twelve miles, crossed a river repeatedly, causing a series of waterfalls 
and lakes. All these disturbances are best explained by the theory that 
the shock -was due to a slip along a deep and hidden thrust plane, 
accompanied by other movements of the strata along minor faults con- 
nected with it, some of which reached the surface. 

Earthquakes attending great displacements. Great earth- 
quakes frequently attend the displacement of large masses of 
the rocks of the crust. In 1822 the coast of Chile was sud- 
denly raised three or four feet, and the rise was five or six feet 
a mile inland. In 1835 the same region was again upheaved 
from t\vc) to ten feet. In each instance of these permanent 
changes of level a destructive earthquake was felt for one thou- 
sand miles along the coast. 
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Perhaps the most violent earthquake which ever visited the United 
States attended the depression, in 1812, of a region seventy-five miles 
long and thirty miles wide, near New Madrid, Mo. Much of the area 
was converted into swamps and some into shallow lakes, while a region 
twenty miles in diameter was bulged up athwart the channel of the 
Mississippi. Slight quakes are still felt in this region from time to 
time, showing that the strains to which the dislocation was due have 

not yet been funy relieved.^^^^^ 

Earthquakes originating beneath the sea. Many eartliqiiakes 
originate beneath the sea, and in a number of examples they 
seem to have been accompanied, as soundings indicate, by local 
subsidences of the ocean bottom, dlicre lia\e been instances 
where the displacement has been siifBcieiit to set the entire 
Pacific Ocean pulsating for many hours. In. mid ocean the wa\ e 
thus produced has a height of only a few feet, while it may be 
two hundred miles in width. On shores near the point of ori- 
gin destructive waves two or three score feet in height roll in, 
and on coasts thousands of miles distant the expiring undula- 
tions may be still able to record themselves on tidal gauges. 

Distribution of earthquakes. Every half hour soirie coiivsid- 
erable area of the earth’s surface is sensibly shaken by an earth- 
quake, but earthquakes are by no means unifoiinl}y 
over the globe. As we might infer from what we know as to 
their causes, earthquakes are most frequent in regions now 
undergoing deformation. Such are young rising mountain ranges, 
fault lines where readjustments recur from time to time, and 
the slopes of suboceanic depressions whose steepness suggests 
that subsidence may there be in progress. 

Earthquakes, often of extreme severity, frequently visit the lofty and 
young’ ranges of the Andes, while they are little known in the subdued 
old mountains of Brazil. The Highlands of Scotland are crossed by a 
deep and singularly straight depression called the Great Glen, which 
has been excavated along a very ancient line of dislocation. The earth- 
quakes which occur from time to time in this region, such as the Inver- 
ness earthquake in 1891, are referred to slight slips along this fault plane. 
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In Japan, earthquakes are yery frequent. More than a thousand 
are recorded every year, and twenty-nine world-shaking earthquakes 
occurred in the three years ending with 1901. They originate, for the 
most part, well down on the eastern flank of the earth fold whose sum- 
nut IS the mountainous crest of the islands, and which plunges steeply 
beneath the sea to the abyss of the Tuscarora Deep. 

Minor causes of earthquakes. Since any concussion witli- 
iii the crust sets up an earth jar, there are several minor causes 
of earthqiialves, such as volcanic explosions and even the col- 
lapse of the roofs of caves. The earthquakes which attend the 
volcanoes are local, even in the case of the most 
violent volcanic paroxysms known. When the top of a volcano 
lias been blown to fragments, the accompanying earth shock has 
sometiiiies not been felt more than twenty-five miles aw^ay. 

Depth of focus. The focus of the Charleston earthquake, 
estimated at about twelve miles below the surface, was excep- 
tionally deep. Yolcanic earthquakes are particularly shallow, 
and probably no earthquakes known have started at a greater 
depth than fifteen or twenty miles. This distance is so slight 
compared with the earth’s radius that we may say that earth- 
quakes are but skin-deep. 

Should you expect the velocity of an earthquake to be greater in a 
peneplain or in a river delta V 

After an earthquake, piles on which buildings rested were found 
driven into the ground, and chimneys crushed at base. From what 
direction did the shock come ? 

Chimneys standing on the south walls of houses toppled over on the 
roof. Should you infer that the shock in this case came from the north 
or south? 

* How should you expect a shock from the east to affect pictures hang- 
ing on the east and the west walls of a room ? how the pictures hanging 
on the nortli and the south "walls ? 

In parts of the country, as in southwestern Wisconsin, slender 
erosion pillars, or » monuments,’’ are common. What inference could 
you draw as to the occurrence in such regions of severe earthquakes in 
the recent past ? 
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VOLCANOES 


Connected \Yitli movements of the earth’s crust which take 
place so slowly that they can be mferred only from their effects 
is one of the most rapid and impressive of all geological processes, 
■ — ■ the extrusion of molten rock from beneath the surface of the 
earth, giving rise to all the various phenomena of volcanoes. 

In a volcano, molten rock from a region deep below, which 
we may call its reservoir, ascends through a pipe or fissure to 
the surface. The materials erupted may be spread over vast 
areas, or, as is commonly the case, may accumulate about the 
opening, forming a conical pile known as the volcanic cone. It 
is to this cone that popular usage refers the word volcano ; but 
the cone is simply a conspicuous part of the volcanic nieclianism 
whose still more important parts, the reservoir and the pipe, are 
hidden from view. 

Volcanic eruptions are of two types, — 
in which molten rock wells up from below and flows forth in 
streams of lava (a comprehensive term applied to all kinds of 
rock emitted from volcanoes in a molten state), and ex]}losive 
eruptions, in which the rock is blown out in fragments great 
and sinall by the expansive force of steam. 


Eruptions of the Effusive Type 


The Hawaiian volcanoes. The Hawaiian Islands are all vol- 
canic in origin, and have a linear arrangement characteristic of 
many volcanic groups in all parts of the world. They are strung 
along a northwest-southeast line, their volcanoes standing in 
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two parallel rows as if reared along two adjacent lines of frac- 
ture or folding. Ill tlie northwestern islands the volcanoes 
have long heeii extinct and are worn low by erosion. In the 
southeastern island, 

Hawaii, three volca- 
noes are still active and 
in process of building. 

Of t h e s e M a u n a L o a, 
the nionarch of vol- 
canoes, with a girth of 
two hundred miles and 
a height of nearly four- 
teen thousand feet above 
sea level, is a lava dome 
the slope of whose sides does not average more than five 
degrees. On the summit is an elliptical basin ten miles in cir- 
cumference and several liiindred feet deep. Concentric cracks 
surround the rim, and from time to time the basin is enlarged 
as great slices are detached from the vertical walls and engulfed. 



Such a volcanic basin, formed by the insiiiking of tlie top of 
the cone, is called di caldera. 



On the flanks of Maun a Loa, four thousand feet above sea level, lies 
the caldera of Kilauea, an independent volcano whose dome has been 
joined to the larger mountain by the gradual growth of the two. In 
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Fig. 213. Portion of tlie Caldera of Kilaiiea after a Gollapse 
following an Eruption 

historic times have never been known to fill it and overflow the rim. 
Instead, the heavy column of lava breaks way through the sides of the 
mountain and discharges in streams which flow down the mountain 
slopes for a distance sometimes of as much as thirty-five miles. With 
the drawing off of the lava the column in the duct of the volcano 
lowers, and the floor of the caldera wholly or in paid subsides. A black 
and steaming abyss marks the place of the lava lakes (Fig. 213). After 
a time the lava rises in the duct, the floor is floated higher, and the boil- 


each caldera the floor, which to the eye is a plain of black lava, is the 
congealed surface of a column of molten rock. At times of an eruption 
lakes of boiling lava appear wdiich may be compared to air lioles in a 
-frozen dwB the fiery liquid a 

scoVe' of'fietin air, to fallback with a mighty plunge and roar, and 
occasionally the lava rises several hundred feet in fountains of dazzling 
brightness. The lava lakes may flood the floor of the basin, but in 
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The eruptions of the Hawaiian volcanoes are thus of the 
effusive type. The column of lava rises, breaks through the 
side of the niountain, and discharges in lava streams. There 
are no explosions, and usually no earthquakes, or very slight 
ones, accompany the eruptions. The lava in the calderas boils 
because of escaping steam, but the vapor emitted is compara- 
tively little, and seldom hangs above the summits in heavy 
clouds. We see here in its simplest form the most impressive 
and important fact in all volcanic action, — molten rock has been 
driven upward to the surface from some deep-lying source. 

Lava flows. As lava issues from the side of a volcano or 
overflows from the summit, it flows away in a glowing stream 


Eig. 214. Palioelioe Lava, Hawaii 

resembling molten iron drawn white-hot from an iron furnace. 
The surface of the stream soon cools and blackens, and the 
liard crust of nonconducting rock may grow thick and firm 
enough to form a tunnel, within whicli the fluid lava may flow 
far before it loses its heat to any marked degree. Such tun- 
nels may at last be left as caves by the draining away of the 
lava, and are sometimes several miles in length. 

Pahoehoe and aa. When the crust of highly fluid lava remains 
unbroken after its first freezing, it presents a smooth, hummocky, and 
ropy surface known by the Hawaiian term pahoekoe (Fig. 214). On the 
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other hand, the crust of a viscid flow may be broken and splintered as it 
is dragged along by the slowly moving mass beneath. The stream then 
aipears ,as a field of stones clanking and grinding on, with here and 
there a dull red glow or a wisp of steam. It set.s to a 

surfuefe' c'aTred' (m, m broken, shar 2 )-edged blocks, which is often both 
difficult and dangerous to traverse (Fig. 215). 
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fluid rock which poured from it is the largest of historic record’ reacli 
ing a distance of forty-seven iniles and covering two hundred ark' 
twenty square miles to an average depth of a hundred feet. At tht 
present time the fissure is traced by a line of several jiundred insignifi- 
cant mounds of frag- -Cl-- _ 

mental materials . 

which mark where ^ 

the lava issued 


gree. b'lo. 210. Small Cinder Cones marking an Eruptive 

Where lava is Idssure, Iceland 

emitted at one point and flows to a less distance there is gradually built 
up a dome of the shape of an inverted saucer with an immense base but 
comparatively low 


Many lava do7nes have been discovered in Iceland, 
slopes, often but two or three 

jj, exploi ers. 

j i lS y The entire plateau of Ice- 

j ^ region as large as Ohio, 

d d d "'" dd composed of volcanic prod- 

F, 0.217. Diagram illu.strating the Stnic- 

ture of a Lava Plateau such as Iceland successive sheets of lava whose 

, . , ^ ■ total thickness falls little short 

//, lava flows ; d, dikes £ -i rm i 

of two miles. The lava sheets 

exposed to view were outpoured in open air and not beneath the sea ; 

for peat bogs and old forest grounds are interbedded with them, and 

the fossil plants of these vegetable deposits prove that the plateau has 
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long been building and is very ancient. On the steep .sea cliffs of the 
island, wliere its structure is exhibited, the sheets of lava are seen to be 
cut with many dikes, — fissures which have been liiled by molten rock,— 
and there is little doubt that it was through these fissures that the 
lava outwelled in successive flows which spread far and wide over the 
country and gradually reared the enormous pile of the plateau. 

Eruptions of the Explosive Type 

In the majority of volcanoes the lava which rises in the pipe 
IS at least in jiait blown into fragments with violent explosions 
and shot into the air together with vast quantities of water 
vapor and various gases. The finer particles into which the 
lava is exploded are called volcanic dust or volcanic ashes, and 
are often carried long distances by the wind before they settle 
to the earth. The coarser fragments fall about the vent and 
tliere accumulate in a steep, conical, volcanic inountahi. As suc- 
cessive explosions keep open the throat of the pipe, there remains 
oil the summit a cup-shaped depression called the crater. 

Stromboh. To study the nature of these explosioms we may visit 
btromboh, a low volcano built chiefly of fragmental materials, ‘which 
uses rom the sea off the north coast of Sicily and is in comstant 
tliougn moderate action. 

Over the summit hangs a cloud of vapor which strikingly resembles 
the CO umn ot smoke puffed from the smokestack of a locmnotive. in 
that It consists of globular masses, each the product of a distinct 
exposiom . t night the cloud of vapor is lighted with a red glow at 

tlm locomotive when from time to time the fire box is opened. Because 
u. this intermittent light flashing thousands of feet above the sea 
Stromboli has been given the name of the Lighthouse of the Mediter’ 

.1 ctUtftlJl. 

crater of the volcano, one see.s a viscid lava 
slowly seething. The agitation gradually increases. A o-reat 1 n 11 
forms. Tt bursts with an explosion which causes the of t i e 

crater to quiver with a miniature earthquake, and an outrush ofl t 
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carries the fragments of the bubble aloft for a thousand feet to fall 
into the ci-ater or on the mountain side about it. AVith the explosion 
the cooled and darkened crust of the lava i.s removed, and the light 
of the incandescent liquid beneath is reflected from the cloud of vapor 

wliicli overhangs the cone. 

At Stromboli we learn the lesson that the explosive force in 
volcanoes is that of steam. The lava in the pipe is permeated 
with it much as is a thick boiling porridge. The steam in boil- 
ing porridge is unable to escape freely and gathers into bubbles 
which in breaking spurt out drops of the pasty substance ; in 
the same way the explosion of great bubbles of steam in the 
viscid hu^a shoots clots and fragments of it into the air. 

Krakatoa. The most violent eruption of history, that of Krakatoa, a 
small volcanic island in the strait between Sumatra and Java, occurred 
in the last week of August, 1883. Continuous explosions shot a col- 
umn of steam and ashes seventeen miles in air. A black cloud, beneath 
which was midnight darkness and from which fell a rain of ashes 
and stones, overspread the surrounding region to a distance of one 
hundied and hfty miles. Launched on the currents of the upper air, 
the dust was swiftly carried westward to long distances. Three days 
after the eruption it fell on the deck of a ship sixteen hundred miles 
away, and in thirteen days the finest impalpable powder from the vol- 
cano had floated round the globe. For many months the dust hung over 
Fill ope and America as a faint lofty haze illuminated at sunrise and 
sunset with brilliant crimson. In countries nearer the eruption, as in 
India and Africa, the haze for some time was so thick that it colored 
sun and moon with blue, green, and copper-red tints and encircled 
them with coronas. 

At a distance of even a thousand miles the detonations of the 
eruption sounded like the booming of heavy guns a few miles away. 
In one direction they were audible for a distance as great as that from 
San Irancisco to Cleveland. The entire atmosphere was thrown into 
undulations under which all barometers rose and fell as the air waves 
thrice encircled the earth. The shock of the explosions raised sea 
waves which swept round the adjacent shores at a height of more than 
fifty feet, and which were perceptible halfway around the globe. 
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Fig. 218. Ruins of St. Pierre^ Martinique ; Mt. Pelee in the Distance 


adjacent parts of the islands with a pall as of gray snow. In early stages 
of the eruption lakes which occupied old craters were discharged and 
swept down the ash-covered mountain valleys in torrents of boiling mud. 

On several occasions there was shot from the crater of each volcano 
a thick and heavy cloud of incandescent ashes and steam, wliicli rushed 
down the mountain side like an avalanche, red with glowing stones and 
scintillating witli lightning flashes. Forests and buildings in its path 
were leveled as by a tornado, wood was charred and set on lire by the 
incandescent fragments, all vegetation was destroyed, and to breathe the 


At the close of the eruption it was found that half the mountain had 
l^en blown away, and that where the central part of the island had 
been tlid ^sCa a. thousand feet deep. 

Martinique and St. Vincent. In 1902 twm dormant volcanoes of tbe 
West Indies, Mt. PeMe in Martinique and Soiifrim*e in St. Vincent, 
broke into eruption simultaneously. No lava was emitted, but there 
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steam and hot, suffocating dust of the cloud was death to every living 
creature. On the morning of the 8th of May, 1902, the first ofl theSe 
peculiar avalanches from Mt. Pel^e fell on the city of St. Pierre and 
instantly destroyed the lives of its thirty thousand inhabitants. 


Fig. 219. An Eruption of Yesuvius, 1872 

The huge column of dust and steam rises to a height of about four miles 
above the sea. Drifting down the wind, the vapor condenses into copious 
rains. Such often produce destructive torrents of mud as they sweep down 
the ash-covered mountain side, and during the historic eruption of Yesu- 
vius in A.B. 79 the city of Herculaneum was thus buried. Lava flows are 
marked by the overhanging clouds of aqueous vapor condensed from the 
steam which the molten rock gives off. 


erupt i(ff IS of many volcaiioes partoke of both the effusive 
3 explosive types : the molten rock in tlie pii)e is in ])art 
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blown into tliB air witli explosions of steairij and in part is dis- 
charged in streams of lava over the lip of the crater and from 
fissures in the sides of the cone. Such are the eruptions of 
Vesuvius, one of which is illustrated in Figure 219. 

Submarine eruptions. The many volcanic islands of the ocean 
and the coral islands resting on submerged volcanic peaks prove 
that eruptions have often taken place upon the ocean floor and 
have there built up enormous piles of volcanic fragments and 
lava. The Hawaiian volcanoes rise from a depth of eighteen thou- 
sand feet of water and lift their heads to about thirty thousand 
feet above the ocean bed. Ghristmas Island (see j). 194), built 
wholly beneath the ocean, is a coral-capped volcanic peak, whose 
total height, as measured from the bottom of the sea, is more 
than fifteen thousand feet. Deep-sea soundings have re\x^aled 
the presence of numerous peaks which fail to reacli sea level 
and which no doubt are submarine volcanoes. A nuin])er of vol- 
canoes on the land were submarine in their early stages, as, for 
example, the vast pile of Etna, the celebrated Sicilian volcano, 
which rests on stratified volcanic fragments containing marine 
shells now" uplifted from the sea. 

Submarine outflows of lava and deposits of volcanic frag- 
ments become covered with sediments during the long intervals 
between eruptions. Such volcanic deposits are said to be con- 
temporcmeons, because they are formed during tlie same period' 
as the strata among which they are imbedded. Contempora- 
neous lava sheets may be expected to bake the surface of the 
stratum on which they rest, \vhile the sediments deposited upon 
them are unaltered by their heat. Tliey are among the most 
permanent records of volcanic action, far outlasting the greatest 
volcanic mountams built in open air. 

From upraised submarine volcanoes, such as Christmas Island, 
it is learned that lava flows which are poured out upon the 
bottom of the sea do not differ materially either in composition 
or texture from those of the land. 
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Volcanic Peoducts 

Vast amounts of steam are, as we have seen, emitted from vol- 
canoes, and comparatively small quantities of other vapors, such 
as various acid and sulphurous gases. The rocks erupted from 
volcanoes differ widely in chemical composition and in texture. 

Acidic and basic lavas. Two classes of volcanic rocks may 
be distinguished, — those containing a large proportion of silica 


Fia. 220. Cellular Lava 


(silicic acid, SiOg) and therefore called acidic, and those contain- 
ing less silica and a larger proportion of the bases (lime, magnesia,: 
soda, etc.) and therefore called basic. The acidic lavas, of which 
rh'i/oMte and trachyte are examples, are comparatively liglit in 
color and weight, and are difficidt to melt. The basic lavas, of 
which basalt is a type, are dark and heavy and melt at a lower 
temperature. 
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Scoria and pumice. The texture of volcanic rocks depends in 
part on the degrep to which they were distended by the steain 
which per]neated''Tliem when in a molten state. They harden 
into compact rock where the steam cannot expand. Where the 
steam is released from pressure/ as on the surface of a lava 
stream, it forms bubbles (steam blebs) of various sizes, which 
give the hardened rock a cellular structure (Fig. 220). In this 


Pig. 221. Amygdules in Lava 

way are formed the rough slags and clinkers called scoria, which 
are found on the surface of flows and wliicli are also thrown 
out as clots of lava in explosive eruptions. 

On the surface of the seething lava in the throat of the vol- 
cano there gathers a rock foam, which, when hiiiied into the 
air, is cooled and falls as - — a spongy gray rock so light 

that it floats on water. 

Amygdules, The steam blebs of lava flows are often drawn 
out from a spherical to an elHptical form resembling that of an 
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alinond, and after the rock has cooled these cavities are grad- 
iially filled with minerals deposited from solution by under- 
grouiid water. From their shape such casts are called am 
(Greek, amygdalon, 
an almond). Amyg- 
dules are com- 
inonly composed of 
silica. Lavas con- 
tain both, silica and 
the alkalies, potash 
and soda, and after 
dissolving the alka- 
lies, percolating 

water is able to take Polished Section of an Agate 

silica also into solution. Most agates are banded amygdules 
which the silica has been laid in varicolored, concentric layers 
(Fig. 222). 

Glassy and stony lavas. Volcanic rocks differ in texture 
according also to the rate at which they have solidified. When 

• rapidly cooled, as on the suiface of 

a lava flow, molten rock chills to a 
glass, because the minerals of which 
it is composed have not had time to 
separate themselves from the fused 

slow cooling, as in the interior of 
the flow, it becomes a stony mass 
composed of crystals set in a glassy 
paste. In thin slices of volcanic 
Eig. 223. Microsection show- gj^ss one may see under the micro- 
ing the Beginnings 01 C.rys- V . , ' . 

tal Growth in Glassy Lava S^ope the heguinuigs of crystal 
growth in filaments and needles 
and feathery forms, wMcli are the rudiments of the crystals 
various minerals. 
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Splienilites, wliioli also mark the first e]lang(^y of glassy lavas toward 
a stony condition, are little balls -within the rock, varying from miero- 

scopic size to several inches iii dianader, 
madQ up of radiating fibers. 

structure, coniinon among 
liivas, consists of microscopic 
curving and interlacing cracks, due to 
^ contraction. 


Flow lines are exhibited b}' ^'o]- 
canic rocks both to the naked eve 
Fm. 224. Perlitic Structure and under the microscope. Steam 
and Sphemlites, a, a blebs, togetlier witli cr}^s^als and 
their embryonic forms, are left arranged in lines and streaks 
b}' the currents of the flowing lava as it stiffened into rock. 

Porphyritic structure. Books whose ground mass has scat- 
tered tlirough it large conspicuous crystals (Fig. 226) are said 
to be ^OTiphyritic,, ^ 

the surface. On the Fig. 225. Flow Lines in Lava' 

otlier hand, the large crystals of porphyry have slowl}- foi-iued 
deep below the ground at an earlier date. 
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Colunmar structure. Just us wet sturcli contracts ou drying 
to prismatic forms, so lava often contracts on cooling to a mass 
of close-set, prismatic, and commonly six-sided columns, which 
stand at right angles to the cooling surface. The upper portion 
of a flow, on rapid cooling from the surface exposed to the air, 


Fig. 226. Poi-phyritic Structure 


may contract to a confused mass of small and irregular prisms ; 
while the remainder forms large and beautif idly regular col- 
umns, which have grown upward by slow cooling from beneath 
(Fig. 227). 

FKAGMENT.4L MATERIALS 

Books weighing many tons are often thrown from a volcano 
at the beginning of an outburst by the breaking up of the solid- 
ified floor of the crater; and during the progress of an eruption 
large blocks may be torn from the throat of the volcano by the 
outrush of steam. But the most important fragmental materials 
are those derived from the lava itself. As lava rises in the pipe, 
the steam which permeates it is released from pressure and 
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explodes, hurling the lava into the air in fragments of all sizes, 
— large pieces of scoria, lapilli (hagmmts the size of a pea or 
walnut), volcanic sand,” and volcanic « ashes.” The latter resem- 
ble in appearance the ashes of wood or coal, but they are not in 
any sense, like them, a residue after combustion. 

Volcanic ashes are produced in several ways: lava rising in 
the volcanic duct is exploded into fine dust by the steam which 
permeates it ; glassy lava, hurled into the air and cooled sud- 
denly, is brought into a state of high strain and tension, and, 
like Prince Eupert’s drops, flies to pieces at the least provocation. 
The clash of rising and falling projectiles also produces some 
I dust, a fair sample of wliich may be made by grating together 
two pieces of pumice. 

Beds of volcanic ash occur widely among recent deposits in the 
western United States. In Nebraska ash beds are found in twenty 
counties, and are often as white as powdered pumice. The beds grow 
thicker and coarser toward the southwestern part of the state, where 
their thickness sometimes reaches fifty feet. In what direction would 
you look for the now extinct volcano whose explosive eruptions are thus 
recorded ? 

Tuff. This is a convenient term designating any rock com- 
posed of volcanic fragments. Coarse tuffs of angular fragments 
are called wlcanic breccia^ and when the fragments have been 
rounded and sorted by water the rock is termed a wlcank con- 
glomerate. Even when deposited in the open air, as on the slopes 
of a volcano, tuffs may be rudely bedded and their fragments 
more or less rounded, and unless marine shells or the remains 
of land plants and animals are found as fossils in them, there is 
often considerable difficulty in telling whether they were laid 
in water or in air. In either case they soon become consolidated. 
Chemical dep)osits from percolating waters fill the interstices, 
and the bed of loose fragments is cemented to hard rock. 

The materials of which tuffs are composed are easily recog- 
nized as volcanic in their origin. The fragments are more or 
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less cellular, according to the degree to which they were dis- 
tended with steam when in a molten state, and even in the finest 
dust one may see the glass or the crystals of lawi from which it 
was derived. Tuffs often contain volcanic, bombs , - — balls of lava 
which took shape while whirlmg in the air, and solidified before 
fallmg to the ground. 

Ancient volcanic rocks. It is in these materials and struc- 
tures wliich we have described that volcanoes leave some of 

their most endurino- 

' o 

records. Even the vol- 
canic rocks of the earli- 
est geological ages, up- 
lifted after long burial 
beneath the sea and ex- 
posed to ^’iew by deep 
erosion, are recognized 
and their history read 
despite the many changes 
which they may have 
nndergone. A sheet of 



i'le. 228. Volcanic Bombs, Cinder Cone, 
California 


ancient lava may be distinguished by its composition from the 
sediments among which it is imbedded. The direction of its 
flow lines may be noted. The cellular and slaggy surface where 
^ le pas y ava was distended by escaping steam is recognized 
)y the amygdules which now fill the ancient steam blebs. In 
and' sheets of lava each flow may be distmguished 

r '' “measured; for the surface of each sheet is 
Jassy and scoriaceous, while beneath its upper portions the 
kva of each flow is more dense and stony. The length of rime 

rAT the materials 

mo- V may be told by the amount of \veather- 

baked to 1 depth of ancient soil-„ow 

suffmtf ir tL''^^^^^^^ erosion which it had 
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If the flow occurred from some submar 
recognize the fact by the sea-laid sediinenti 
ing the cracks and crevices of its upper su 
pieces of lava washed from it in their basal 
Long-buried glassy lavas 
tion, under the unceasing 
their flow Ihies and peiiiti 
to tell of their original 
state. ■“ 

Ancient tuffs are 
known by the frag- 
rnental character of 
their volcanic material, m 
even though they have | 
been altered to linn rock. I 
Some remams of land || 
animals and plants may 
be found imbedded to 
tell that the beds were laid 


Fig. 229. A Volcanic Cone, Arizona 


in open air ; while the remains of 
marine organisms would prove as surely that the tuffs were 
deposited in the sea. 

In these ways ancient volcanoes have been recognized near 
Boston, in southeastern Pennsylvania, about Lake Superior, and 
in other regions of tlie United States. 


The Life Histoey of a Volcano 

The invasion of a region by volcanic forces h 
movements of the crust heralded by earthquakes, 
a pipe is opened and the building of the cone or 
of wide lava sheets is begun. 

Volcanic cones. The shape of a volcanic cone d( 
on the materials erupted. Cones made of fragme 
sides as steen as the aiipie of in 



I'M. 230 . Sarcoui, a Trachyte Dome, Pmnce 

example, are formed of basalt, wliich flows to long distances 
before it congeals, men superheated and emitted from many 
vents this easily melted lava builds gi-eat plateaus, such as that 
o Iceland. On the other hand, lavas less fusible, or poured out 
at a lower temperature, stiffen when they have flowed but a 
short distance, and accumulate in a steep cone. I’rachvte has 
been extruded in a state so viscid that it has formed steep- 
sided domes like that of Sarcoui (Fig. 230 ). 


scoria is sometimes as high as thirty or forty degi-ees. About 
the base of the mountaui the finer materials erupted are spread 
in more gentle slopes, and are also washed forward by rains and 
streams. The normal profile is thus a symmetric cone with a 
flaring base. 

Cones built of lava vary in form according to the liquidity 
of the lava. Domes of gentle slope, as those of 
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Most volcanoes are built, like Vesuvius, botli of lava flows and 
of tuffs, and sections show that the structure of the cone consists 
of outward-dipping, alternathig layers of lava, scoria, and ashes. 

V 



Fig. 231. Section of Vesuvius 


F, A esuvms; Somma, a mountainous rampart half encircliiii? A^esiivins 
and like it built of outward-dipping sheets of tuff and lava ; aj" crystalline 
rocks ; 5, marine strata; c, tuffs containing seashells. AVhich is the older 
monntain, A^esiivitis or Somma? Of what is Somma a remnant^ Draw 
a diagram showing its original outline. Suggest what processes may 
have lirouglit it to its present form. What record do you find of the 
earliest volcanic activity? What do you infer as to the besriiminsts of 
the volcano? ^ 


Fioiii time to time the cone is rent by the violence of explo- 
sions and by tlie weight of the column of lava in the pipe. 
The fissuies are filled with lava and some discharge on the 
sides of the mountain, building parasitic cones, while all form 
dikes, wdiicli strengthen 


the pile with ribs of 
hard rock and make it 
more difficult to rend. 
Great catastrophes 



Scale of Miles. 

Fig. 232. Crater Lake, Oregon 


are recorded i ll t ll e deep is the basin wliich holds 

the lake? The mountain walls which inclose 


shape of some volcanoes 
which consist of a circu- 
lar rim, perhaps miles 
in diameter, inclosing a 
A^ast crater or a caldera 
within Avhich small 
cones may rise. We may infer that at some time the top of 
the monntain has been blown ■ off, or has collapsed and been 
engulfed because some reseiwoir beneath had been emptied by 
long-continued eruptions (Fig. 232). 


it are made of outward-dipping sheets of lava. 
Draw a diagram restoring the volcano of which 
they are the remnant- No volcanic fragments 
of the same nature as the materials of which 
the volcano is built are found about the region. 
AVhat theory of the destruction of the cone does 
this fact favor? TfA AVizard Island, is a cinder 
cone. AAOien was it built ? 
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springs. Tlie liot 
springs of A^olcanic re- 
gion s are among the 
last vestiges of volcanic 
heat. Periodically erup- 
tive boiling sp};ingB are 
termed geysers. In each 
of the ge}'ser regions of 
the earth — the Yellow- 
stone ]Nrational Park, 
Iceland, and YTew Zea- 
land — the ground water 
of the locality is sup- 
posed to be heated by ancient lavas that, because of the poor 
conductivity of the rock, still remain hut beneath (lie surface. 


Fig. 2tS3. (Jkl Faithful Geyser in Eruption. 
Yellowstone National Park 



depression in a conical mound some twelve feet high. The conduit of 
the spring is too iT’regular to be sounded. The rnoimd is composed of 
porous silica deposited by the waters of the geyser. 


Geysers erupt at intervals instead of continuously boiling, 
because their long, narrow, and often tortuous conduits do not 
permit a free circulation of the water. After an eruption the 
tube is rehlled and the water again gradually becomes heated. 


Terrace and Cones of Siliceous Sinter deposited’ by Geysens, 
Yellowstone National Park 


Deep in the tube where it is in contact with hot lavas the 
water sooner or later reaches the boiling point, and bursting 
into steam shoots the water above it high in air. 

Carbonated springs. After all the other signs of life have 
gone, the ancient volcano may emit carbon dioxide as its dying 
breath. The springs of the region may long be charged with 
carbon dioxide, or carbonated, and where they rise through 
limestone may be expected to deposit large quantities of traver- 
tine. We should remember, however, tliat many carbonated 
springs, and many hot springs, are \vholly in^ 'dent of 
volcanoes. , I : 
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The destruction of the cone. As soon as tlie volcanic cone 
ceases to gi-ow by eruptions the agents of erosion begin to wear 


Fig. 235. Mount Shasta, California 

it down, and the length of time that has elai)sed since the period 
of active growth may be roughly measured by the degree to 
which the cone has been dissected. We infer that Mount Shasta, 


Fig. 236. Mount Hood, Oregon 

whose conical shape is still preserved despite the guUies one 
thousand feet deep which trench its sides (Fig. 235), is younger 
than Mount Hood, which erosive agencies have carved to a 
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pyramidal form (Fig. 236). The pile of materials aecmmilated 
about a volcanic vent, no matter how vast m bulk, is at last 


swept entirely away. The cone of a volcano, active or extmct 
is not old as the earth counts time ; volcanoes are shoit-hved 
geological phenomena. 


Crandall Volcano. This 
name is given to a dis- 
sected ancient volcano in 
the Yellowstone National 
Park, which once, it is 
estimated, reared its head 
thousands of feet above the 
surrounding country and 
greatly exceeded in bulk 
either Mount Shasta or 
Mount Etna. Not a line 
of the original mountain 
remains; all has been swept 
away by erosion except 
some four thousand feet of 
the base of the pile. This 
basal wreck now appears 
as a rugged region about 
thirty miles in diameter, 
trenched by deep valleys ^’ossil Tree Trunks, Yellowstone 

and cut into sharp peaks National Park 

and precipitous ridges. In 

the center of the area is found the nucleus (iV, Fig. 237), — a mass of 
coarsely crystalline rock that congealed deep in the old volcanic pipe. 
From it there radiate in all directions, Tike the spokes of a wheel, long 
dikes whose rock grows rapidly finer of grain as it leaves the vicini 
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the once heated core. The remainder of the base of the ancient moun- 
tain is made of rudely bedded tuffs and volcanic breccia, with occasional 
flows of lava, some of the fragments of the breccia measuring as much 
as twenty feet in diameter. On the sides of canyons the breccia is 
carved by rain erosion to fantastic pinnacles. At different levels in the 
midst of these beds of tuff and lava are many old forest grounds. The 
stumps and trunks of the trees, now turned to stone, still in many cases 
stand upright where once they grew on the slopes of the inoimtain as it 
was building (Fig. 238). The great size and age of some of these trees 
indicate the lapse of time between the eruption wdiose lavas or tuffs 
■weathei'ed to the soil on which they grew and the subsequent eruption 
which buried them beneath showers of stones and ashes. 

Near the edge of the area lies Death Gulch, in wduch carbon dioxide 
is given off in such quantities that in quiet weather it accumulates in a 
heavy layer along the ground and suffocates the animals which may 
enter it. 



It is because long-continued erosion lays bare the innermost 
anatoniy of an extinct volcano, and even sweeps away t]ie 
entire pile with iniicli of the underlying strata, thus leaving 
the very roots of the volcano open to view, that we are able to 
study underground volcanic structures. With these we include, 
for convenience, intrusions of molten rock which have been 
driven upward into the crust, but which may not have suc- 
ceeded in breaking way to the surface and establishing a vol- 
cano. !!AI1 these structures are built of rock forced when in a 
fluid or pasty state into some cavity which it has found or made,^ 
and we may classify them therefore, according to the shape of; 
the molds in which the molten rock has congealed, as (1) diked 
(2) volcanic necks, (3) intrusive sheets, and (4) intrusive masse| 
y Dikes. The sheet of once molten rock with winch a fissur |3 
has been filled is known as a dike. Dikes are formed when 
volcanic cones are rent by explosions or by the weight of the 
lava column in the duct, and on the dissection of the pile they 
appear as radiating vertical ribs cutting across tlie layers of 
lava and tuff of which the cone is built. /"In regions under- 
going deformation rocks lying deep below the ground are often 
broken and the fissures are filled with molten rock from beneath, 
which finds no outlet to the surface. Such dikes are common 
in areas of the most ancient rocks, which have been brought 
light by long erosion. 

In exceptional cases dikes may reach the length of fifty or 
one hundred miles. Tliey vary in width from a fraction of a 
foot to even as much as 
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Colorado 
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Dikes are commonly more fine of grain on the sides than in the 
center, and may have a glassy and crackled surface where they meet 
the inclosing rock. Can you account for this on any principle which 

you have learned ? 

Volcanic necks. The pipe of a volcano rises from far below 
the base of the cone, — - from the deep reservoir from whieh its 


Fig. 240. A Dissected Volcanic Cone 

W, volcanic neck; I, lava-topped table mountains; if, beds of tuff; d, d, 
dikes ; dotted lines indicate the initial profile ’ ’ ^ 

eruptions are supplied. AVhen the volcano has become extinct 
this great tube remains filled with hardened lava. It forms a 
cylindrical core of solid rock, except for some distance below 
the ancient crater, where it may contain a mass of fragments 
which had fallen back into the chimney after being hurled into 
the air. 

As the mountain is worn down, this central column known 
as the wlccmic neck is left standing as a conical hill (Fig. 240). 

Even when every other 

trace of the volcano has ■ .. 

been swept away, ero- 
sion will not have passed 
below this great stalk on 
which the volcano was 
borne as a fiery flower 
whose site it remains 
to mark. In volcanic 241. Mount Johnson, a Volcanic Neck 

. £. T T 1 near Montreal 

regions of deep denuda- 
tion volcanic necks rise solitary and abrupt from the surround- 
ing country as dome-shaped hills. They are marked features in 





Fio. 242. The Palisades of the Hudson, New Jersey 


be intrusive. The overlying stratum, as well as that beneath, 
has been affected by the heat of the once molten rock. We 
infer that the igneous rock when in a molten state was forced 
between the strata, much as a card may be pushed ])etween the 
leaves of a closed book. The liquid v^edged its way lietweeu 
the layers, lifting those above to make room for ilst^.lf. Tlie 
source of the intrusive sheet may often be traced to some 
dike (known therefore as the feeding dike), or to some mass of 
igneous rock. 
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the landscape in parts of Scotland and in the St. Lawrence val- 
ley about Montreal (Fig. 241). 

Intrusive sheets. Sheets of igneous rocks are sometimes 
found interleaved with sedimentary strata, especially in regions 
where the rocks have been deiormed and have suffered from 
volcanic action. In some instances such a sheet is seen to be 
contemim'^aneotts Xp. 2^ In other mstances the sheet must 
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Intiusive sheets may extend a score and more of miles, and, 
like the longest surface flows, the most extensive sheets consist 
of the more fusible and fluid lavas, — those of the basic class of 
which basalt is an example. Intrusive sheets are usually harder 
than the strata in which they lie and are therefore often left in.^ 
relief after long denudation of the region (Fig. 316 ). 

On the west bank of the Hudson there extends from New York Bay 
north for thirty miles a bold cliff several hundred feet high, the 

Palisades of the Hudson. It is _ 

of ail cient igneous rock,' winch 

rests on stratified sandstones Fin. 243. Diagram of the Palisades of 
and is overlain l)y strata of the the Hudson 

same series. Sandstones and h intrusive sheet; 5 , sandstone; d, feeding 
lava sheet together dip gently Hudson River 

to the west and the latter disappears from view two miles back from 
the river. 

It is an interesting question whether the Palisades sheet is contem- 
poraneous or mtrusire. "W as it outpoured on the sandstones beneath it 
when they formed the floor of the sea, and covered forthwith by the 
sediments of the strata above, or was it intruded among these beds at a 
Q B later date ? 

ing 'straUim'' ■ is 'ih- 
Scale of Miles tensely baked along 


Scale of Miles 


1 10,244. Section of Electric Peak, and Gray the zone of contact. 


Peak, G, Yellow.st.one National Park 

Intrusive slieets and masses of igneous rock are drawn the sheet is found the 
in ])huk which the lava 

rose to force its wmy far and wide between the strata. 

Hlectnc Peal’, one of the prominent mountains of the Yellowstone 
ISTational Park, is carved out of a mass of strata into which many 
sheets of molten rock have been intruded. The western summit con- 
sists of such a sheet several luiiidred feet thick. Studying the section 
of Figure 244, wliat inference do you draw as to the source of these 
intrusive sheets? 




tlfiiiioi 


Fm. 24(1 Mill) Granite Bosses near 
Baltimore (areas iiorizoutally lined) 
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Intrusive Masses 


Bosses. This name is generally ax^plied to huge irregTilar 
masses of coarsely crystalline igneous rock lying in the midst 

of other formations. Bosses 
vary greatly in size and iiiay 
reach scores of miles in ex- 
tent. Seldom are there any 
evidences found that bosses 
ever had connection with 
the surface. On the other 
liand^ it is often proved that 
they have been driven, or 
have melted their way, up- 
wai*d into the formations in 
which they lie ; for they give off dikes and intrusive sheets, and 
have profoundly altered the rocks about them by their heat. 

The texture of the rock 


Eig. 246. Stone Mountain, Georgia, a 
Granite Boss 


of bosses proves that con- 
solidation proceeded slowly 
and at great depths, and it 
is only because of vast de- 
nudation that they are now 
exposed to view. Bosses are 
commonly harder than the 
rocks a]>out them, and stand 
up, therefore, as rounded 
hills and mountainous 
ridges long after the sur- 
rounding country has worn 
to a low plain (Fig. 245). 

The base of bosses is in- 
definite or undetermined, 
and in this respect they 
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differ from laccoliths. Some bosses have broken and faulted 
the overlying beds; some have forced the rocks aside and 

melted them away. 

The Spanish Peaks of southeastern Colorado were formed by the 
upthrust of immense masses of igneous rock, bulging and breaking the 
overlying strata. On one side of the mountains the throw of the fault 
is nearly a mile, and fragments of deep-lying beds were dragged upward 
by the rising masses. The adjacent rocks were altered by heat to a 
distance of several thousand feet. No evidence appears that the molten 
rock ever reached the surface, and if volcanic eruptions ever took place 
either in lava flows or fragmental materials, all traces of them have 
been effaced. The rock of the intrusive masses is coarsely crystalline, 
and no doubt solidified slowly under the pressure of vast thicknesses of 
overlying rock, now mostly removed by erosion. 

A magnificent system of dikes radiates from the Peaks to a distance 
of fifteen miles, some now being left by long erosion as walls a hundred 
feet in height (Fig. 239). Intrusive sheets fed by the dikes penetrate 
the surrounding strata, and their edges are cut by canyons as much as 
twenty-five miles from the mountain. In these strata are valuable beds 
of lignite, an imperfect coal, which the heat of dikes and sheets has 
changed to coke. 

; Laccoliths. The laccolith (Greek laccos, cistern; stone) 

' is a variety of intrusive masses in which molten rock has 
spread between the strata, 

,iul, lifting the sttata above 


The Henry Mountains, a 

small group of detached peaks Fig. 247. Section of a Laccolith 
; in southern Utah, rise from a plateau of horizontal rocks. Some of the ^ 
peaks are carved wholly in separate domelike uplifts of the strata of 
the plateau, In others, as Mount Hillers, the largest of the 
is exposed on the summit a core of igneous rock from whi<?)jM;he 
mentary rocks of the flanks dip steeply outward in all ^Vctjojis. In 
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Fig. 248. Section of Mount Hillers 


still others erosloa has stripped off the covering strata and has laid hare 
1 coie to Its base; and its shape is here seen to be that of a plano- 
convex lens or a baker’s bnn, its flat base resting on the undi.stnrbed 

ihn Je oif' Mount Hillers is shown in 

- ,, x4b The nucleus of igneous rock is four miles in diameter 

and more than a mile in depth. 

Regional intrusions. Jhese vast bodies of igneous rock, which 
nmy reach hundreds of miles in diameter, differ little from bosses 
except m their m^eiise bulk. Like bosses, regional hitrusions 

Fio. 248. Section of Mount Hillers 

1 , , louiici deniidatioii wliifdi 

Wy coi s beneath which thev 

siowlj cooled^ Such intrusions are accompanied — whetlier as 

Z:Z" r' " known-by deformations and 

then masses of igneous rock are thus found as the core of manv 
great niountmn ranges. The granitic masses of which the ZZ 
Mot Mountains and the Sierra Nevadas have been largely carved 
aie each more than three hundred miles in length." Immense 
legional intrusions, the cores of once lofty mountain ranges, are 
found upon the Laurentian peneplain & ^ * 

Physiographic effects of intrusive masses. We have alreadv 
seen examples of the topographic effects of intrusive masses in 
fount Hillers, the Spanish Peaks, and in the great mountain 

lou^ii in the latter instances these effects are Pni-Hno-K i 

-va the effects etUee p«ee. 

carnet he mtracled mthin the crust mlliout air at“cnmea„vh,i 
ed mass. The overlyuig strata are arclied into lulls 
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mountains, or, if the molten material is of great extent, the strata 
may conceivably be floated upward to the height of a plateau. 
We may suppose that the transference of molten matter from one 
region to another may be among the causes of slow subsidences 
and elevations. Intrusions give rise to fissures, dikes, and in- 
trusive sheets, and these dislocations cannot fail to produce earth- 
quakes. Where intrusive masses open communication with the 
surface, volcanoes are established or fissure eruptions occur such 
as those of Iceland. 


The Intrusive Eocks 

The igneous rocks are divided into two general classes,— -the 
'volcanic or envptive rocks, whicli have been outpoured in open 
air or on the floor of the sea, and the intrtidve rocks, which 
have been intruded within the rocks of the crust and have solid- 
ified below the surface. The two classes are alike in chemical 
composition and may be divided into acidic and basic groups. 
In texture the intrusive rocks differ from the volcanic rocks 
because of the different conditions under which they have 
solidified. They cooled far more slowly beneath the cover of 
the rocks into which they were pressed than is permitted to lava 
flows in open air. Their constituent minerals had ample oppor- 
tunity to sort themselves and crystallize from the fluid mixture, 
and none of that mixture was left to congeal as a glassy paste. 

They consolidated also under pressure. They are never sco- 
riaceous, for the steam with which they were charged was not 
allowed to expand and distend them with steam blebs. In the 
rocks of the larger intrusive masses one may see with a power- 
ful microscope exceedingly minute cavities, to be counted by 
many millions to the cubic inch, in which the gaseous water 
which the mass contained was held imprisoned under the im- 
mense pressure of the overlying rocks. 

Naturally these characteristics are best developed in the 
intrusives which cooled mo.st slowly^ i.e. in the deepest-seated 



and largest masses ; while in those which cooled more rapidly, 
as in dikes and sheets, we find gradations approaching the 
texture of surface flows. 

I Varieties of the intrusive rocks. We will now describe a 

I few of the varieties of rocks of deep-seated intrusions. All are 
i even grained, consisting of a mass of crystalline grains formed 
f during one continuous stage of solidification, and no porphyritic 
crystals appear as in lavas. 

J Granite, as we have learned already, is composed of three 
minerals, — quartz, feldspar, and mica. According to the color of 
the feldspar the rock may be red, or pink, or gray. Hornblende 
— a black or dark green mineral, an iron-magnesian silicate, 
about as hard as feldspar — is sometimes found as a fourth 
constituent, and the rock is then known as Iiornhlenclic granite. 
Granite is an acidic rock corresponding to rhyolite in chemical 
composition. We may believe that the same molten mass which 
supplies this acidic lava in surface flows solidifies as granite 
deep below ground in the volcanic reservoir. 

Syenite, composed of feldspar and mica, has consolidated 
from a less siliceous mixture than has granite. 

Diorite, still less sihceous, is composed of hornblende and 
feldspar, — the latter mineral being of diflerent variety from the 
feldspar of granite and syenite. 


Gahhro, a typical basic rock, corresponds to basalt in chemical 
composition. It is a dark, heavy, coarsely crystalline aggregate 
of feldspar and aiigite (a dark mineral allied to hornblende). It 
often contains magnetite (the magnetic black oxide of iron) and 
(a greenish magnesian silicate). 

In the northern states all these types, and many others also 
of the vast number of varieties of intrusive rocks, can be found 
among the rocks of the drift brought from the areas of igneous 
rock in Canada and the states of our northern border. 

Summary. The records of geology prove that since the earli- 
est of their annals tremendous forces have been active in the 


THE ELEMENTS OF GEOLOGI 






UNDERGROUND STRUCTURES OF IGNEOUS ORIGIN 275 

:arth. In all the past, under pressures inconceivably great, 
iiolten rock has been driven upward into the rocks of the crust. 


Fig. 250, A and B. Mountains 
of coarsely Crystalline lig- 
neous Rock i, surrounded 
by Sedimentary Strata s 
and s' 

Copy eacli diagram and complete 
it, so as to sliow whetlier the 
mass of igneous rock is a 
volcanic neck, a boss, or a 
laccolith 


Fig. 249. Ground Plan of Dikes 
in Granite. (Scale 80 feet to 
the inch) 

What is the relative age of the dikes 
aa, bb, and cc ? 


It has squeezed into fissures forming dikes; it has burrowed 
among the strata as intrusive sheets ; it has melted the rocks 
away or lifted the overlying stmta, filling the chambers which 

™ade with intrusive masses. During 
all geological ages molten rock has found 
lUPlff surface, and volcanoes have 

liro darkened the sky with clouds of ashes and 

poured streams of glowing lava down their 


Fig. 251. 

1, limestone ; 2, tuff ; 
3, 5, 7, shale with 
marine shells; 4, 6, 
lava, dotted portions 
scoMaceoiis. Give the 
history recorded in 
this section 


Fig. 252. 

sedimentary strata with intrusive sheets; b, sedi- 
mentary strata; c, lava flow; d, dike. Give the 
succession of events recorded in this section 



The problems of volcanoes and of defornialion are so closely 
connected with that of the earth’s interior tliat we may (.'onsider 
them together. Few of these problems are solved, and we loay 
only state some known facts and the proljable conchisiojis 
wliich may be drawn as inferences from them. 
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sides. The older strata,- — the strata which have been most 
deeply buried, — and especially those which have suli'ei*ed most 
from folding and from fracture, show the largest ainouiit of igne- 

■ ous intrusions. The molten rock which has been 
driven from the earth’s interior to witliiii the 
f crust or to the surface during geologic time rnust 
be reckoned in millions of cubic miles. 

B , — . ' .. -n 


Fig. 253 

Which of the lava sheets of 
this section are contem- 
poraneous and which in- 
trusive, — A, whose upper 
surface is overlain with 
a conglomerate of rolled 
lava pebbles ; B, the cracks 
and seams of wdiose upper 
surface are filled tvitli the 
material of the overly- 
ing sandstone ; O, which 
breaks across the strata in 
which it is imbedded ; D, 
which includes fragments 
of both the underlying 
and overlying strata and 
penetrates their crevices 
and seams? 


Fig. 254. Mato Tepee, Soutli Dakota 
This magnilicent tower of igneous rock tliree 
hundred feet in height lias been called by 
some a volcanic neck. Is the direction of the 
columns that which would f>htaiii in the 
cylindrical pipe of a volcano ? The tower is 
probably the remnant of a small laccolith, an 
outlying memlier of a group of laccoliths 
situated not far distant 


The Interior Condition of the Earth and CArsES 

OF VULCANISM AND DEFORMATION 
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The interior of the earth is hot. Volcanoes prove that in 
many parts of the earth there exist within reach of the sur- 
face regions of such mtense heat that the rock is in a molten 
condition. Deep wells and mines show everywhere an increase 
in temperature below the surface shell affected by the heat of 
summer and the cold of winter, — a shell in temperate latitudes 
sixty or seventy feet thick. Thus in a boring more than a mile 
deep at Schladebach, Germany, the earth grows wanner at the 
rate of 1° F. for every sixty-five feet as we descend. Taking 
the average rate of increase at one degree for every sixty feet 
of descent, and assuming that tliis .rate, observed at the moderate 
distances open to observation, continues to at least thirty-five 
miles, hhe temperature at that depth must be more than three 
thousand degrees, — a temperature at which all ordinary rocks 
would melt at the earth’s surface. The rate of increase in tem- 
perature probably lessens as we go downward, and it may not be 
appreciable below a few hundred miles. But there is no reason 
to doubt that the interior of the earth is intensely hot. Below 
a depth of one or two score miles we may imagine the rocks 
everywhere glowing with heat. 

Although the heat of the interior is great enough to melt all 
rocks at atmospheric pressure, it does not follow that the interior 
is fluid. Pressure raises the fusing point of rocks, and the 
weight of the crust may keep the interior ui what may be 
called a solid state, although so hot as to be a liquid or a gas 
were the pressure to be removed. 

\ The interior of the earth is rigid and heavy. The earth 
behaves as a globe more rigid than glass under the attractions 
of the sun and moon. It is not deformed by these stresses as 
is the ocean in the tides, proving that it is not a fluid ball cov- 
ered with a yielding crust a few miles thick. Earthquakes pass 
through the earth faster than they wmuld were it of solid steel. 
Hence the rocks of the interior are highly elastic, being brought 
by pressure to a compact, continuous condition unbroken by 
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the cracks and vesicles of surface rocks. .TJi& mterior of the 
eaTtli is rigid, 

The Gonimoii rocks of the crust are about two and a half 
times heavier than water, while the earth as a Avhole weighs 
five and six-tenths times as much as a globe of water of the same 
size. The interior is therefore much more heavy Hum the erust 
Tills may be caused in part by compression of the interior 
under the enormous weight of the crust, and in part also by 
an assortment of material, the heavier substances, such as the 
heavy metals, havmg gravitated towards the center. 

Between the crust, which is solid because it is cool, and the 
interior, which is hot enough to melt were it not for the pressure 
which keeps it dense and rigid, there may be an interniediate 
zone in which heat and pressure are so evenly balanced that 
here rock liquefies whenever and wherever the pressure upon 
it may be relieved by movements of the crust. It is perliaps 
from such a subcrustal layer that the lava of volcanoes is 
supplied. 

The causes of volcanic action. It is now generally believed 
that the heat of volcanoes is that of the earth’s interior. Other 
causes, such as friction and crushing in the makiiig of iiioiin- 
tains and the chemical reactions between oxidizing agents of 
the crust and the imoxidized interior, have been suggested, but 
to most geologists they seem inadequate. 

There is much difference of opinion as to the /om? which 
causes molten rock to rise to the surface in the ducts of vol- 
canoes. Steam is so evidently concerned in explosive eruptions 
that many believe that lava is driven upward by the expansive 
fdrce of the steam with which it is charged, iiiiicli as a viscid 
liquid rises and boils over in a test tube or kettle. 

^ But in quiet eruptions, and still more in the irruption of inlru-^ 
sive sheets and masses, there is little if any evidence tli at steam"* 
diiring force. It is tlierefore believed bv liiaiiv geologists 
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which squeezes molten rock from below into fissures and ducts 
in the crust. It is held by some that where considerable water 
is supplied to the rising column of lava, as from the ground 
water of the surrounding region, and where the lava is viscid 
so that steam does not readily escape, the eruption is of the 
explosive type ; when these conditions do not obtam, the lava 
outwells quietly, as in the Hawaiian volcanoes. It is held by 
others not only that volcanoes are due to the outflow of the 
earth’s deep-seated heat, but also that the steam and other 
emitted gases are for the most part native to the earth’s in- 
terior and never have had iflace in the circulation of atmos- 
pheric and ground waters. 

Volcanic action and deformation. Volcanoes do not occur on 
wide plains or among ancient mountains. On the other hand, 
where movements of the earth’s crust are hi progress in the 
uplift of high plateaus, and still more in mountain making, 
molten rock may reach the surface, or may be driven upward 
toward it forming great intrusive masses. Thus extensive lava 
flows accompanied the upheaval of the block mountams of west- 
ern North America and the uplift of the Colorado plateau. A 
line of recent volcanoes may be traced along the s}’steni of rift 
valleys which extends from the Jordan and Dead Sea through 
eastern Africa to Lake Nyassa. The volcanoes of the Andes 
show how# conspicuous volcanic action may be in young rising 
ranges. Folded mountains often show a core of igneous rock, 
which by long erosion has come to form tlie axis and the highest 
peaks of the range, as if the molten rock had been S{pieezed u]> 
under the rising upfolds. As we decipher the records of the 
rocks in historical geology we shall see more fully how, in all 
the past, volcanic action has characterized the periods of great 
.crustal movements, and liow it has been absent when and where 
the earth’s crust lias remahied comparatively at rest. 

The causes of deformation. As the earth’s ulterior, or nucleus, 
is higlily lieated it must be constantly though slowly losing its 
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heat by conduction tliroiigii tlie crust and into space; and since 
the nucleus is cooling it must also be contracting. The nucleus 
has contracted also because of tlie extrusion of molten matter, 
the loss of constituent gases given off in volcanic eruptions, and 
(still more important) the compression and consolidation of its 
material under gravity. As the nucleus contracts, it tends to 
draw away from the cooled and solid crust, and the latter set- 
tles, adapting itself to the shrinking nucleus much as the skin 
of a withering apple wrinkles down upon the shrimken fruit. 
The unsupported weight of the spherical crust develops enor- 
mous tangential pressures, similar to the stresses of an arch 
or dome, and when these lateral thrusts accumulate hejmnd 
the power of resistance the solid rock is warped and folded and 
broken. 

Since the planet attained its present mass it has thus been 
lessening in volume. Notwithstanding local and relative up- 
heavals the earth’s surface on the whole has drawn nearer and 
nearer to the center. The portions of the litliosphere wliicli 
have been carried down the farthest have recei\axi tlie waters 
of the oceans, while those portions which liave been carried 
down the least have emerged as continents. 

Although it serves our convenience to refer the movements 
of the crust to the sea level as datum plane, it is understood 
that this level is by no means fixed. Glianges in the ocean 
basins increase or reduce their capacity and thus lower or raise 
the level of the sea. But since these basins are connected, tlm 
effect of any change upon the water level is so distrii)iited that 
it is far less noticeable than a correspoiidhig change would be 
upon the land. 
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METAMORPHISM AND MINERAL VEINS 


Under the action of internal agencies rocks of all kinds ina}' } 
be rendered harder, more firmly cemented, and more crystalline. 
These processes are known as metamorpliisoyi, and the rocks 
affected, whether originally sedimentary or igneous, are called 
metamorp)liiG roclcs. We may contrast with metainorphisin the 
action of external agencies in weathering, which render rocks 
less coherent by dissolving their soluble parts and breaking 
down their crystalline grains. 

Contact metamorphism. Eocks beneath a lava flow or in 
contact with igneous intrusions are found to be metamorphosed ; 
to various degrees by the heat of the cooling mass. The adja- | 
cent strata may be changed only in color, hardness, and texture. ^ 
Thus, next to a dike, bituminous coal may be baked to coke or i 
anthracite, and chalk and limestone to crystalline marble. Sand- 1 
stone may be converted into quartzite, and shale into aTgilHUA 
a compact, massive clay rock. New minerals may also be de-[ 
veloped. In sedimentary rocks there may be produced crystals 
of mica and of gcmiet (a mineral as hard as quartz, commonly 
occurring in red, twelve-sided crystals). Where the changes are 
most profound, rocks may be wholly made over in structure and 
mineral composition. 

In contact metamorphism thin sheets of molten rock pro- 
duce less effect than thicker ones. The strongest heat effects 
are naturally caused by bosses and regional intrusions, and the 
zone of change about them may be several miles in width. In 
these cha^iiges heated waters and vapors from the masses of 
igneous rocks undoubtedly play a very important part. 

281 


282; THE ELEMENTS OF GEOLOGY 

Which will be more strongly altered, tlie rocks about a closed dike 
in which lava began to cool as soon as it filled the fissure, or the rocks 
about a dike which opened on the surface and through which the 
molten rock flowed for some time? 

Taking into consideration the part played by heated waters, which will 
produce the most far-reaching metamorphism, dikes wiiich cut across the 
bedding planes or intrusive sheets which are thrust between tlie strata? 

Regional metamorphism. Metaniorphic rocks occur wide- 
spread in many regions, often liundreds of square miles in area, 
where such extensive changes cannot be accounted for by 
igneous intrusions. Such are the dissected cores of loft}' moun- 
tains, as the Alps, and tlie worn-down bases of ancient ranges, 
as in Flew England, large areas in the Piedmont Belt, and the 
Laurentian peneplain. 

In these regions the rocks have yielded to immense pressure. 
They have been folded, crumpled, and mashed, and even their 
minute grains, as one may see with a microscope, have often 
been puckered, broken, and crushed to powder. It is to these 
mechanical movements and strains wliich the rocks have suf- 
fered ill every part that we may attiibute their metairi(::)rj)liisin, 
and the degree to which they have been changed is in direct pro- 
portion to the degree to wdiich they have been deformed and 
mashed. 

Other factors, however, have played important parts. Eock 
crushing develops heat, and allows a freer circulation of heated 
waters and vapors. Thus chemical reactions are greatly qiiiek- 
ened ; minerals are dissolved and redeposited in new positions, 
or their chemical coastitiients may recoiiibine in new minerals, 
entirely changing the nature of the rock, as when, for example, 
feldspar recrystallizes as quartz and mica. 

Early stages of metamorphism are seen in slate. Pressure has 
hardened the marine muds, the arkose (p. 18(1), or the volcanic ash 
from which slates are derived, and has caused them to cleave by the 
rearrangement of their particles. 
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Under somewhat greater pressure, slate becomes a clay slate 
whose cleavage surfaces are lustrous with flat-lying mica flakes. The 
same pressure which has caused the rock to cleave has set free some of 
its mineral constituents along the cleavage planes to crystallize there 


Foliation. Under still stronger pressure the whole structure 
of the rock is altered. The minerals of which it is composed, 
and the new miner- ^ 
als which develop 
by heat and pres- 
sure, arrange them- 
selves along planes 
of cleavage or of 
shear in rudely par- 
allel leaves, or folia. 

Of this structure, 
called foliation, we 
may distinguish two 
types, a c 0 a r s e r 
feldspathic type, 
and a fine type in 
which other miner- 
als than feldspar 
predominate. | 


Gneiss is the 

Fig. 255. A Foliated. Rock 

general name under 

which are comprised coarsely foliated rocks banded with irregu- 
lar layers of feldspar and other minerals. The gneisses appear 
to be due in many cases to the crushing and shearing of deep- 
seated igneous rocks, such as granite and gabbro. 

The crystalline schists, representing the finer types of folia- 
tion, consist of thin, parallel, crystalline leaves, which, are often 
remarkably crumpled. These folia can be distinguished from 
the lamiiiie of sedimentary rocks by their lenticular form and 
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lack of continuity, and especially by the fact tliat tlie\- eonsi.st 
of platy, crystalline grains, and not of particles rounded liy 
wear. 

Mica schist, the most common of schists, and in fact of all metamor- 
phic rocks, is composed of mica and quartz in alternating wavy folia. 
All gradations between it and phyllite may be traced, and in many 
cases we may prove it due to the metamorphism of slates and shales. 
It is widespread in New England and along the eastern side of the 
Appalachians. Talc schist consists of quartz and talc, a light-colored 
magnesian mineral of greasy feel, and so soft that it can be scratched 
with the thumb nail. 

Hornblende schist, resulting in many eases from the foliation of basic 
igneous rocks, is made of folia of hornblende alternating witli bands 
of quartz and feldspar. Hornblende schist is common over large areas 
in the Lake Superior region. 

Quartz schist is produced from quartzite by the devcdopment of fine 
folia of mica along planes of shear. All gradations may be foiiiid 
between it and unfoliated quartzite on the one hand and mica scliist on 
the other. 

Under the resistless pressure of crustal movements almost any rocks, 
sandstones, shales, lavas of all kinds, granites, diorites, and gabbros 
may be metamorphosed into schists by crashing and shearing. Lime- 
stones, however, are metamorphosed by pressure into marble, the grains 
of carbonate of lime recrystalliziiig freely to interlocking crystals of 
calcite. 

These few examples must suffice of the great class of iiieta- 
morphic rocks. As we have seen, they owe their origin to the 
alteration of both of the other classes of rocks — the sedimentary 
and the igneous — by heat and pressure, assisted usually Iw 
the presence of water. The fact of change is seen in their hard- 
ness and cementation, their more or less complete recrystalli- 
zation, and their foliation; but the change is often so comjilete 
that no trace of their original structure and mineral eumposi- 
tiou remains to tell whether the rocks from which they \ve]*e 
derived were sedimentary or igneous, or to what variety of either 
of these classes they belonged. 
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111 many cases, however, tlie early history of a metaninrphic 
rock can be decixihered. Fossils not whoily obliterated imiy 
pirove it originally water-laid. Schists may contain rolled-out 
pebbles, showing their derivation from a conglomerate. Dikes 
of igneous rocks may be followed into a region where tliei' luu'e 
been foliated by pressure. The most thoroughly metamorpliosed 
rooks may sometimes be traced out into unaltered sedimentary 

Mi.ii nu. w 

Fig. 257. Quartz Veins in Slate tleep-b lined, .sedi- 

ments are invaded 

by beat either from intrusive igneous masses or from the eartlds 
interior, or are suffering slow' deformation under the tliriist of 
niountaiiniiiaking forces. 


Mineral Veins 

In legions of folded and broken rocks fissures ai’e 
found to be .tilled with sheets of cri'stalline mineral 
from solution by underground water, and fissures lliu 
known as mineral veins. Much of the importance 
leins is due to tlie fact that they are often me 
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carrying valuable native metals and metallic ores disseminated 
^ ill fine particles, in strings, and sometimes in large masses in the 
midst of the valueless nonmetallic minerals wliicli make up 
wluit is known as the vein stone. 

The most common vein stones 'are quartz and calciie. Fluorite (cal- 
cium fluoride), a rnineml harder than calcite and crystallizing in cubes 
^ of various colors, and barite (barium sulphate), a heavy white mineral, 
' ’"a.i-e abundant in many veins. , 

V The gold-bearing' (piartz veins of California traverse the metamor- 
phic slates of the Sierra Nevada Mountains. Below the zone of solution 
■ (p. 45) these veins consist of a vein stone of quartz mingled with 

^ pyrite (p. 13), the latter containing threads and grains of native gold. 

rustv/cellulm' quar^^ _ 

£ ,1 • TIT TT rici. 2o8. Placer Deposits in California 
grains of the insoluble gold 

• scattered through it. //> §’cH-bearing gravels in present river beds; </, 

7 ^ gold-bearing liver gravels ; a, «, lava 

. The placer deposits of hows capping table mountains ; 5 , slate. Draw 

C a 1 i f o r n i a an d other a diagram showing by dotted lines conditions 

I’egions are gold-bearim^ before the lava flows occurred. What changes 
T ^ , ^ have since taken place ? 

^ deposits of gravel and sand 

- ^ in river beds. The heavy gold is apt to be found mostly near or upon the 
solid rock, and its grains, like those of the sand, are always rounded. 
How the gold came in the placers we may leave the pupil to suggest. 

Copper is found in a number of ores, and also in the native 
metal. Below the zone of surface changes the ore of a cop- 
per vein is often a double sidphide of iron and copper called 
cludcoqyyrite, a mineral softer 'than pyrite — it can easily be 
scratched wdth a knife- — and deeper yellow in color. Bor sev- 
eral score of feet below the ground the vein may consist of 
rusty quartz from wdiicli the metallic ores have been dissolved; 
but at the base of the zone of solution w^e may find exceedingly 
rich deposits of copper ores, — copper sulphides, red and black 
coiJj)er oxides, and green and blue copper carbonates, which 


Eig. 258. Placer Deposits in California 

y, gold-bearing gravels in present river beds; r/, 
ancient gold-bearing river gravels ; a, a, lava 
flows capping table mountains ; s, slate. Draw 
a diagram showing by dotted lines conditions 
before the lava flows occurred. Wliat changes 
have since taken place ? 
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liave clearly bem broiiglit down in solution froiii the leached 
upper portion of the vein. 

Origin of mineral veins. Both vein stones and ores ha ve been 
deposited slowly from solution in water, niiicli as cin stals salt 
are deposited on the sides of a jar of saturated brine. In our 
study of underground water we learned that it is everx' where 
circulating through the permeable rocks of the crust, descend- 
ing to p^rofound dep)ths under the action of gravit\' and agadn 
driven to the surface by hydrostatic pressure. Is ow tissures, 
wli%ever they occur, form the trunk channels of the iiiider- 
grouiui circulation. Water descends from the surface along 
these lifts; it moves laterally from either side to tlie fissure 
plane, jiik as ground water seeps through the surrounding roclvs 
from every direction to a well; and it ascends thi’oiigli lliese 
natural water ways as in an artesian well, wlienever they inter- 
sect an aquifer in which water is under liy(irostati(3 pressure. 

The waters which deposit vein stones and ores are coiniiionly 
hot, and in many cases they have derived their heat froiii intru- 
sions of igneous rock still uncooled witliin the crust. Tlie st»l- 
vent power of the water is thus greatly increased, and it takes 
up into solution various substances from tlie igneous ami sedi- 
mentary rocks which it traverses. For Mirions reasons these sul >- 

stances are deposited in the vein as ores and vein stones, i hi 

rising through the fissure the water cools and loses pressure, and 
its capacity to hold minerals in solution, is therefore lessened. 
Besides, as different currents meet in the fissure, some asceiui- 
ing, some descendhig, and some coming in from tlie sides, the 
chemical reaction of these various weak solutions upon one 
another and upon the walls of the vein precipritates tlie minerals 
of vein stuffs and ores. 

As an illustration of the method of vein deposits we may eitf‘ tlie 
of a wooden box pnpe used in the Comstock mines, Nevada, carry the 
hot water of the mine from one level to another, which in tmi yeai's 
was lined with calcium carbonate more tlian half an inch thick. 
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in process of formation. The steaming water rises through fissures in 
volcanic rocks and is now depositing in the rifts a vein stone of quartz, 
with metallic ores of iron, mercury, lead, and other metals. 

Reconcentration, Near the base of the zone of solution veins 
are often stored with exceptionally large and valuable ore 
deposits. This local enrichment of the vein is due to the recon- 
centration of its metalliferous ores. As the surface of the land 


Fig. 259. Reconcentration of Ores in Mineral Veins 

A, original* vein ; ii, same after reconceiitration ; mineral vein ; s, sur- 
face of ground (dotted line, former surface of the ground) ; sp, spring; 

0 , vein leached of ores hy descending waters in zone of solution; 
rn, rich ore deposits reconcentrated from above ; n, unchanged i 3 ortioii 
of vein 

is slowdy lowered by weathering and runnmg water, the zone of 
solution is lowered at an equal rate and encroaches constantly 
on the zone of cementation. The minerals of veins are therefore 
constantly being dissolved along their upper portions and carried 
down the fissures by ground water to low^er levels, where they 
are redeposited. 

Many of the richest ore deposits are thus due to successive 
concentrations : the ores were leached originally from the rocks 
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to a large extent by laterally seeping 
trated in the ore deposits of the vei 
rents ; they have been reconceiitrat< 
t]ie way just mentioned. 

The original source of the metals, 
that w-e may 

Lavas contain minute percent; 
pounds, and 


It m to the igneous rocks 
look for the original source of the metals of veins. 

Eiges of various metallic corn- 
no doubt this was the case also witli the igneous 
rocks which funned the original eartli crust. l>y the erosion 
of tlie igneous rocks the metals have been distributed among 
sedimentary strata, and even the sea has taken into solution 
an apprecialde amount of gold and other metals, but in tliis 
widely diffused condition they are wholly useless to man. 
The, concentration which has made tliem available is due to 
the interaction of many agencies. Kartli movements fracturing 
deeply the rocks of the crust, the intrusion of heated masses, 
the circidation of underground waters, liave all cooperated in 
the concentration of the metals of mineral veins. 


While fissure veins are the most important of mineral veins, tlie 
latter term is applied also to any water way whicii has b<nm filled ])y sim- 
ilar deposits from solution. Thus iu soluble rocks, such as limestuiu‘s, 
joints enlarged by percolating water are sometimes filled witli metallif- 
erous deposits, as, for example, the lead and zinc deposits of the upper 
^Mississippi valley. Even a porous aquifer may be made the seat of 
iuineral deposits, as iu the case of some copper- and silver-bearing sand- 
stones of New Mexico. 



Part III 


HISTORICAL GEOLOGY 

CHAPTER XIV 
THE GEOLOGICAL RECORD 

What a formation records. We have already learned that 
each iiidividiial body of stratified rock, or formation, constitutes 
a record of the time when it was laid. The structure and the 
character of the sediments of each formation tell whether the 
aiea was land or sea at the time when they were spread j and 
if the former, whether the land was river plain, or lake bed, 
or was covered with wiiKhblown sands, or by the deposits of 
an ice sheet. If the sediments are marine, we may know also 
whether they were laid in shoal water near the shore or in 
deepei water out at sea, and whether during a period of emer- 
gence, 01 during a period of subsidence when the sea traiisgressed 
the land. By the same means each formation records the stage 
in the cycle of erosion of the land mass from which its sediments 
were derived (p. 185). An unconformity between two marine 
formations records the fact that between the periods when 
they were deposited in the sea the area emerged as land and 
sufiered erosion (p. 227). The attitude and structure of the 
strata tell also of the foldings and fractures, the deformation 
and the metanioiphism, whicli they have suffered j and the 
igneous rocks associated with them as lava flows and igneous 
intiusions add other details to the story. Each formation is 
thus a separate local chapter in the geological history of the 
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eartli, and its strata are its leaves. It coiitains an autiientic 
record of tlie plxysical conditions — the geograpliy — of the 
time and place when and where its sediments were laid. 

Past cycles of erosion. These chapters in the history of the 
planet are very numerous, although much of the record has been 
destroyed in various ways. A succession of different forniatioiis 
is usually seen in any considerable section of the crust, such as 
a deep canyon or where the edges of upturned strata are exposed 
to view on the flanks of mountain ranges ; and in any extensive 
area, such as a state of the ITiuon or a province of Canada, the 
number of formations outcropping on the surface is large. 

It is thus learned that our present continent is made up for 
the most part of old continental deltas. Some, recently emerged 
as the strata of young coastal plains, are the records of recent 
cycles of erosion ; while others were deposited in the earl}^ his- 
tory of the earth, and in many instances have been crimipled 
into mountains, which afterwards were kneeled to tlieir liases 
and lowered beneath the sea to receive a cover of later sedi- 
ments before they were again uplifted to fcrriri land. 

The cycle of erosion now in progress and I’OC'ordt^d in tlie 
layers of stratified rock being spread benearh the sea in conti- 
nental deltas has therefore been preceded by man}' similar cycles. 
Again and again movements of the ’crust have ]>r( night to ari 
end one cycle — sometimes when only well under way, and 
sometimes when drawing toward its close — and have begun 
another. Again and again they have added to tlie laud areas 
which before were sea, with all their deposition records of 
earlier cycles, or have lowered areas of land beneath the sea to 
receive iiew sediments. 

The age of the earth. The thickness of the stratified lueks 
now exposed upon the eroded surface of tlie conlinents is very 
great. In the Appalachian region the strata care seven or eight 
miles thick, and still greater thicknesses have been measured in 
several other mountain ranges. The aggregate thickness all 



293 



THE GEOLOGICAL RECORD 


tlie formations of the stratified rocks of the eartlfis crust, giving 
to each, formation its maximum thickness wherever found, 
amounts to not less than forty miles. Knowing how slowly 
sediiiients accumulate upon the sea floor (p. 184), we must 
believe that the successive cycles which the earth has seen 
stretch back into a past almost inconceivably remote, and 
measure tens of millions and perhaps even hundreds of millions 
of years. 

How the formations are correlated and the geological record 
made up. Arranged in the order of their succession, the forma- 
tions of the earth’s crust would constitute a connected record in 
which the geological history of the planet may be read, and 
therefore known as the geological record But to arrange the 
formations in their natural order is not an easy task. A com- 
plete set of the volumes of the record is to be found in no single 
region. Their leaves and chapters are scattered over the land 
surface of the globe. In one area certain chapters may be 
found, though perhaps with many missing leaves, and with inter- 
vening chapters wanting, and these absent parts perhajDS can be 
supplied only after long search through many other regions. 

Adjacent strata in any region are arranged according to the 
law of superposition^ i,e. any stratum is younger than that on 
which it was deposited, just as in a pile of paper, any sheet was 
laid later than that on which it rests. Where rocks have been 
disturbed, their original attitude must be determined before the 
law can be applied. Kor can the law of superposition be used 
in identifying and comparing the strata of difierent regions 
where the formations cannot be traced continuously from one 
region to the other. 

The formations of different regions are arranged hi their true 
order by the law of included organisms ; i.e. formations, how- 
ever widely separated, which contam a similar assemblage of 
fossils are equivalent and belong to the same division of geo- 
logical time. 
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The correlation of formations by means of fossils may be explained 
by the formations now being deposited about the north Atlantic. Litho- 
logically they are extremely various. On the continental shelf of North 
America limestones of different kinds are forming off Florida, and sand- 
stones and shales from Georgia northward. Separated from them by 
the deep Atlantic oozes are other sedimentary deposits now accumulat- 
ing along the west coast of Europe. If now all these offshore formations 
were raised to open air, how could they be correlated ? Surely not by 
lithological likeness, for in this respect they would be cpiite diverse. All 
would be similar, however, in the fossils which they contain. Some 
fossil species wmuld be identical in all these formations and others 
would be closely allied. Making all due allowance for differences in 
species due to local differences in climate and other physical causes, it 
would still be plain that plants and animals so similar lived at the same 
period of time, and that the formations in wdiich their remains were 
imbedded were contemporaneous in a broad “way. The presence of the 
bones of wbales and other marine mammals would prove that the strata 
w^ere laid after the appearance of mammals upon earth, and imbedd<*d 
relics of man wuiild give a still closer approximation to their age. In 
the same way we correlate the earlier geological formations. 

For example, in 1902 there were collected the first fossils ever found 
on tlie antarctic continent. Among the dozen specimens obtained were 
some fossil ammonites (a family of chambered shells) of genera wliich 
are found on other continents in certain formations classified as the 
Cretaceous system, and w^hich occur neither above these formations nor 
below them. On the basis of these few fossils w'e inay be confident that 
the strata in which they were found in the antarctic region w'ere laid 
in the same period of geologic time as were the Cretaceous rocks of the 
United States and Canada. 


The record as a time scale. By means of the law of iiiciuded 
organisms and the law of superposition the formations of differ- 
ent countries and continents are correlated and arranged in 
their natural order. When the geological record is tlius olffained 
it may be used as a imiyersal time scale for geological history. 
Geological time is separated into divisions correspuuding to the 
times during which the successive formations were hvid. The 
largest assemblages of formations are known as groups, while the 
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corresponding divisions of time are knovim as eras, 
are subdivided into systems, and systems into series. Series 
are divided into stages and substages, — subdivisions which 
do not concern us in this brief treatise. The corresponding 
divisions of time are given m the following table. 

Strata Time 

Group Era 

System Period 

Series Epoch 

The geologist is now prepared to read the physical history — 
the geographical development — of any country or of any conti- 
nent by means of its formations, when he has given each for- 
mation its true place in the geological record as a time scale. 

The following chart exhibits the main dhdsious of the record, 
the name given to each being given also to the corresponding 
time division. Tlnis we speak of the Cdiiiirkin system, mean- 
ing a certain succession of formations which are classified 
together because of broad resemblances in their included oraaii- 
isms; and of the Cktmlrian feriod^ meaning the time during 
which these rocks were deposited. 


Group and Era 

Cenozoic . 


System and Period 
Quatei-nary . 


L Tertiary . . 


Mesozoic , 


Paleozoic 


r Cretaceous 
fFiirassic 
L Triassic 
Carboniferous 
Devonian 
Silurian 
Ordovician 
Cambrian 


Series and Epoch 
( Decent 
I PieiwStocene 
Pliocene 
-<! ]\Iiocene 
I Eocene 


r Permian 
Pennsylvanian 
L IMississippian 


Algonkian 
A re I lean 


Ij = 
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Fossils AKD WHAT they teach 



Tlie geological formations contain a record still more impor- 
tant than that of tlie geographical develo]3ment of the conti- 
nents; the fossils imbedded in the rocks of each formation tell 
of the kmds of annuals and plants which inhabited the earth at 
that time, and from these fossils we are therefore able to con- 
struct the history of life upon the earth. 


Fossils. These remains of organisms are found in the strata in all 
degrees of perfection, from trails and tracks and fragmentaiy impres- 
sions, to perfectly preserved shells, wood, bones, and complete skeletons. 
As a rule, it is only the hard parts of animals and plants which have 
left any traces in the rocks. Sometimes the original hard substcmee is 
preserved, but more often it has been replaced by some less soluble 
material. Petrifaction, as this process of slow replacement is called, is 
often carried on in the most exquisite detail. When wood, for example, 
is undergoing petrifaction, the woody tissue may he replaced, particle 
by particle, by silica in solution through the action of underground 
waters, even the microscopic structures of tlie wood being perfectly 
reproduced. In shells originally made of aragonite, a crystalline form 
of carbonate of lime, that mineral is usually replaced by caicite^ a more 
stable form of the same substance. The most comnioii petrifying 

H materials are calcite, silica, and pyrite (p. 1»>). 

Often the organic substance has neitlier been 
preserved nor replaced, but the form lias been 
retained by means of molds and casts. Permanent 
impressions, or molds, may be made in sediments 
not only by the hard parts of organisms, but also 
Fig. 261. Section of by such soft and perishable parts as the leaves of 
Cast and IVIold of plants, and, in the rarest instances, by the skin of 
^ animals and the feathers of birds. In fine-grained 

a, shell; 5, mold of limestones even the imprints of lellyfish have been 

interior retained.^ 

The different kinds of molds ami casts may be 
illustrated by means of a clam shell and some moist clay, the latter 
representing the sediments in which the remains of animals and plants 
are entombed. Imbedding the shell in the clav and alloviim- the elav 


■297 


0 


THE GEOLOGICAL EECORD 

to harden, we have a mold of the exterior of the shell, as is seen on 
cutting the clay matrix in two and removing the shell from it. Filling 
this mold with clay of different color, we obtain a caf^t of the exterior, 
which represents accurately the original form and surface markings of 
the shell. In nature, shells and other relics of animals or plants are 
often removed by being dissolved by percolating waters, and the molds 
are either filled with sediments or with minerals deposited from 
solution. 

Where the fossil is hollow”, a cast of the interior is made in the same 
way. Interior casts of shells reproduce any markings on the inside of 
the valves, and casts of the interior of the skulls of ancient vertebrates 
show the form and size of their brains. 

Imperfection of the life record. At the present time only the 
smallest fraction of the life on earth ever gets entombed in 
rocks now forming. In tlie forest great fallen tree trunks, as well 
as dead leaves, decay, and only add a little to the layer of dark 
vegetable mold from wdiich they grew. The bones of land 
animals are, for the most part, left unburied on the surface and 
are soon destroyed by chemical agencies. Even where, as in the 
swamps of river flood plains and in other bogs, there are pre- 
served the remains of plants, and sometimes insects, together 
with the bones of some animal drowned or mired, in most cases 
these swamp and bog deposits are sooner or later destroyed by 
the shifting channels of the stream or by the general erosion 
of the land. 

In the sea the conditions for preservation are more favorable 
than on land ; yet even here the pjropoition of animals and 
plants whose hard parts are fossilized is very small compared 
with those which either totally decay before they are buried in 
slowdy accumulating sediments or are ground to powder by 
waves and currents. 

We may infer that during each period of the past, as at 
the present, only a very insignificant fraction of the innumer- 
able organisms of sea and land escaped destruction and left in 
continental and oceanic deposits permanent records of their 


298 


THE ELEMENTS OE GEOLOGY 



existence. Scanty as these original life records iiiiist have 
been, they have been largely destroyed by nietamGrphisnv^^^o 
the rocks in which they were imbedded, by solution in un- 
derground waters, and by the vast denudation under which 
the sediments of earlier periods have been eroded to furnish 
materials for the sedimentary records of later times. Moreover, 
very much of what has escaped destruction still remains undis- 
covered. The immense bulk of the stratified rocks is buried 
and inaccessible, and the records of the past which it contains 
can never be known. Comparatively few outcrops have been 
thoroughly searched for fossils. Although new species are con- 




stantly being discovered, each discovery may be considered as 
the outcome of a series of ha j)py accidents, — ■ that the remains of 
individuals of this particular species happened to be imbedded 
and fossilized, that they happened to escape destruction during 
long ages, and that they happened to be exposed and found. 

Some inferences from the records of the history of life upon 
the planet. Meager as are these recoixis, they set fortlx plainly 
some important truths which we will now briefly mention. 

1. Each series of the stratified rocks, except tlie very deejxest, 
contains vestiges of life. Hence the earth urns tenanted hy'lwmg 
creatures for an uncalculated length of time lefore human his- 
tory hegam 

2. Life on the earth has been ever changing. The yoimgest 
strata hold the remains of existing species of animals and 
plants and those of species and varieties closely allied to them. 
Strata somewhat older contain fewer existing species, and in 
strata of a still earlier, but by no means an ancient epoch, 
no existing species are to be found ; the species of tliat epoch 
and of previous epochs have vanished from tlie living world. 
During all geological time since life began on eaiHi old s}>ccics 
have constantly become extinct and with them the genera ami 
families to which they belong, and other species, genem, and 
families have replaced them. The fossils of each formation 
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difier on tlie wliole from those of every other. The assemblage 
of aiiirnals and plants (the fcmna-jioTcC) of each epoch differs 
from that of every other epoch. 

In many eases the extinction of a type has been gradual ; in 
other instances apparently abrupt. There is no evidence that 
any organism once become extinct has ever reappeared. The 
duration of a species in time, or its ^'vertical range” through 
the strata, varies greatly. Some species are limited to a stratum 
a few feet in thickness ; some may range through an entire 
formation and be found but little modified m still higher beds. 
A formation may thus often be divided into zones, eacli char- 
acterized by its own peculiar species. As a rule, the simpler 
organisms have a longer duration as species, though not as in- 
dividuals, than the more complex. 

3. Tim larger zoological and botanical growpings survive 
longer than the smaller. Species are so short-lived that a single 
geological epoch may be marked by several more or less com- 
plete extinctions of the species of its fauna-flora and their 
replacement by other species. A genus continues with, new 
species after all the species with which it began have become 
extinct. Families survive genera, and orders families. Classes 
are so long-lived that most of those which are known from the 
earliest formations are represented by living forms, and no sub- 
kingdom has ever become extmet. 

Thus, to take au example from the stony corals, — the Zoantliaria, 
— -the particular characters which constituted a certain species — Favo~ 
sites niagarensis — of the order are confined to the Niagara series. ItvS 
generic characters appeared in other species earlier in the Silurian and 
continued through the Devonian. Its family characters, represented in 
different genera and species, range from the Ordovician to the close of 
the Paleozoic ; while the characters wFich it shares with all its order, the 
Zoantliaria, began in the Cambrian and are found in living species. 

4. The change in organisms has been gradual. Tlie fossils 
of each life zone and of each formation of a conformable series 
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closely resemble, with some explainable exceptions, those of the 
beds immediately above and below. The animals and plants 
which tenanted the earth during any geological epoch are so 
closely related to those of the preceding and the succeeding 
epochs that we may consider them to be the descendants of the 
one and the ancestors of the other, thus accounting for the resem- 
blance by heredity. It is therefore believed that the species of 
nnim.ls and plants now living on the earth are the descendants 
of the species whose remains we find entombed in the rocks, and 
that the chain of life has been unbroken smce its beginning. 

5. The change in sjmies has been a gnuhtal clip-rent iution. 
Tracing the lines of descent of various animals and plants of 
the present backward through the divisions of geologic time, we 
find that these lines of descent converge and unite in simpler 
and still simpler types. The development of life may be repre- 
sented by a tree whose trunk is found m tlve earliest ages and 
whose branches spread and subdivide to the growing twigs of 
present species. 

6. The ehange in o-rgamsms throughout geologic time has hem 
a f -rogressive change. In the earliest ages the only animals and 
plants on the earth were lowly forms, simple and generalized in 
structure; while succeeding ages have been characterized by 
the introduction of types more and more specialized and com- 
plex, and therefore of higher rank in the scale of being. Tims 
the Algonkian contains the remains of only the humblest forms 
of the invertebrates. In the Cambrian, Ordovician, and Silurian 
the hivertebrates were represented in all their subkingdoms by 
a varied fauna. In the Devonian, fishes — the lowest of the 
vertebrates — became abundant. Amphibians made their entry 
on the stage in the Carboniferous, and reptiles came to rule the 
world in the Mesozoic. Mammals culminated in tlie 'rertiary 
in strange forms which became more and more like those (d' the 
present as the long ages of that era rolled on ; ;ind latest ot all 
appeared the noblest product of the creative process, man. 
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Just as growth is characteristic of the individual life, so 
gradual, progressive change, or evolution, has characterized the 
history of life upon the planet. The evolution of the organic 
kingdom from its primitive germinal forms to the complex and 
highly organized fauna-flora of to-day may be compared to the 
growth of some noble oak as it rises from the acorn, spreading 
loftier and more widely extended branches as it grows. 

7. While higher and still higher types have continually been 
evolved, until man, the highest of all, appeared, the lower and 
earlier types have generally giersisted. Some which reached 
their culmination early in the history of the earth have since 
changed only in slight adjustments to a changing environment. 
Thus the brachiopods, a type of shellfish, have made no prog- 
ress since the Paleozoic, and some of their earliest known genera 
are represented by living forms hardly to be distinguished from 
their ancient ancestors. The lowest and earliest branches of the 
tree of life have risen to no higher levels since they reached 
their climax of development long ago. 

8. A strange parallel has been found to exist between the 
evolution of organisms and the development of the individual. 
In the embryonic stages of its growth the individual passes 
swiftly through the successive stages through which its ances- 
tors evolved during the millions of years of geologic time. 
The development of the individual recapitulates the evolution 
of the race. 


The frog is a typical amphibian. As a tadpole it passes through a 
stage identical in several well-known features with the maturity of 
fishes; as, for example, its aquatic life, the tail by which it swims, and 
the gills through which it breathes. It is a fair inference that the tad- 
pole stage in tlie life history of the frog represents a stage in theevolu- , 
tioii of its kind, — that the Amphibia are derived from fishlike ancestral ; 
fonns. This inference is amply confirmed in the geological record; 
fishes appeared before Amphibia and were connected with them by 
transitional forms. 
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The great length of geologic time inferred from the slow | 

change of species. Life fonns, like land forms, are thus subject 
to change under the mflueuce of their changing environment and 
of forces actmg from within. How slowly they change may be 
seen in the apparent stability of existing species. In the lifetime 
of the observer and even in the recorded history of man, species 
seem as stable as the mountain and the river. But life forms 
and land forms are alike variable, both in nature and still more I 

under the shaping hand of man. As man has modified the face ^ 

of the earth with his great engineering works, so he has pro- 
duced widely different varieties of many kinds of domesticated 
nlants and animals, such as the varieties of the dog and the 



horse, the apple and the rose, which may be regarded in some 
respects as new species in the making. We have assumed that 
land forms have changed in the past under tlie influence of 
forces now in operation. Assuming also that life forms have 
always changed as they are changing at present, we come to 
realize something of the immensity of geologic time reipiired 
for the evolution of life from its earliest lowdy forms up to man. 

It is because the onward march of life has taken the Sdiiie 
general course the world over that we are able to use it as a 
‘imiversal time scale and divide geologic time into ages and 
mhior subdivisions accordmg to the ruling or chaiacteiistio 
organisms then living on the earth. Thus, since vertebrates 
appeared, w^e have in succession the Age of lislies, the Ago of 
A nminii \inns fbc Ao'c of Bentiles. and the Ane of ]\Iauimais. 
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Geologic time divisions compared with those of human history. We 
may compare the division of geologic time into eras, periods, and other 
divisions according to the dominant life of the time, to the ill-defined 
ages into 'which human history is divided according to the dominance of 
some nation, ruler, or other characteristic feature. Tims we speak of the 
Dark. Ages ^ the Age of Elizabeth, and the Age of Electricity . These crude 
divisions would be of much value if, as in the case of geologic time, we 
had no exact reckoning of human history by years. 

And as the course of hunian history has flowed in an unbroken 
stream along quiet reaches of slow change and through periods of rapid 
change and revolution, so with the course of geologic history. Periods 
of quiescence, in w'hich revolutionary forces are perhaps gathering head, 
alternate with periods of comparatively rapid change in physical geog- 
raphy and in organisms, when new and higher forms appear which serve 
to draw the boundary line of new epochs. Nevertheless, geological his- 
tory is a continuous progress ; its x^eriods and epochs shade into one 
another by imperceptible gradations, and all our subdivisions must needs 
be vague and more or less arbitrary. 


How fossils tell of the geography of the past. Fossils are 
used not only as a record of the development of life upon the 
earth, but also in testimony to the physical geography of past 
epochs. They indicate whether in any region the climate was 
tropical, temperate, or arctic. Since species spread slowdy from 
some center of disp)ersion where they originate until some barrier 
limits their migration farther, the occurrence of the same species 
in rocks of the same system in different countries implies the 
absence of such barriers at the period. Thus in the collection 
of antarctic fossils referred to on page 294 there were shallow- 
water marine shells identical in species with Mesozoic shells 
found in India and in the southern extremity of South. Ainerica. 
Since such organisms are not distributed by the currents of the 
deep) sea and cannot migrate along its bottom, we infer a shal- 
lo^v-water connection in Mesozoic times between India, South 
America, and the antarctic region. Such a shallow-water coii- 
nection would be offered along the marginal shelf of a contin^efft^ 
uniting these now widely sepoarated countries. * * 
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CHAPTER XV 

THE PRE-CAMBRIAN SYSTEMS 


The earth’s beginnings. The geological recoixl te 

LIS of the beginnings of the earth. The his oi.> o P ‘ ’ 

IS we have every reason to believe, stretches lar back beyond 
the period of the oldest stratified rocks, and is involved ui the 

lloli gas® ar of cosaiio dust-t.om winch the Sim imd- 
pknetl are hdieved to have been denved. 

Wp.tK»k It is po»iU. that 0» 

, . . 1 Tlx’- tlip o’Htlierincr oi tiit 

ATMrinrnim sliinina’ sphere, lonuea in tdie » 

a gaseous ring .vhich had been detached Irom a coohng 

and shrinking nebula. Such a vaporous sphere would coudense to 

Sid fiery globe, whose surface would become cold, and sohd, wlnle 

the interior would long remain intensely hot because of the slou cou- 

dnetivitv of the crust. Under these conditions the primeval atmokpliem 

of the earth must have contained in vapor the water now belonging , 

1 trth-s crust and surface. It held also all the oxygen since locked 

iirroeks by their oxidation, and all the carbon dioxic^ ^ 

been laid away in limestones, besides that correspom mg ^o^ 
of carbonaceous deposits, such as peat, coal, and petroluim. On this 
hypothesis the original atmosphere was dense, dark, and noxious, and 

enormouslv heavier than the atmosphere at present 

The acemtion hypothesis. On the other hand, it has been recently 
suggested that the earth may have grown to its present s..e l>Y _the 
gradual accretion of meteoritio ma.sses. Such colfl, slouy bodies inig _ 
have come together at so slow a rate that the heat caused by their 
impact would not raise sensibly the temperature of tlie growing plaimt. 
Thus the surface of the earth may never have been hot and luuuuous , 
but as the loose aggregation of stony masses grew larger and was moie 
.1 Kv O’ravitation, tlie lieat thus geneiated 
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raised the interior to high temperatures, while from time to time molten ‘ 

rock was intruded among the loose, cold me teoritic masses of the crust ^ 

and outpoured upon the surface. i 

It is supposed that the meteorites of wdiich the earth 'was built | 

brought to it, as meteorites do now, various gases shut up within their 
pores. As the heat of the interior increased, these gases transpired to | 

the surface and formed the primitive atmosphere and hydrosphere. 

The atmosphere has therefore grown slowly from the smallest begin- i 

niiigs. Gases emitted from the interior in volcanic eruptions and in 

other ways have ever added to it, and are adding to it now. On the I' 

other hand, the atmosphere has constantly sutfered loss, as it has been 

robbed of oxygen by the oxidation of rocks in 'weathering, and of j 

carbon dioxide in the making of limestones and carbonaceous deposits. ; 

Whi].e all hypotheses of the earth’s beginnings are as yet j; 

unproved speculations, tliey sevve to bring to mind one of the ! 

chief lessons which geology has to teach, — that the duration of | 

the earth, in time, like the extension of the univei’se in space, is 
vastly beyond the ],)ower of the human mind to realize. Behind 
the history recorded in the rocks, which stretches back for 
many niillioii years, lies tlie long unrecorded history of the 
beginnings of the planet ; and still farther in the abysses of the | 

past are dimly seen the cycles of the evolution of the solar | 

system and of the nebula which gave it birth. 

We pass now from the dim realm of speculation to the earli- 
est era of the recorded history of the earth, where some certain 
facts may be observed and some sure inferences from them 
may be drawn. 

i 

The Aechean 

If ■ 

The oldest known sedimentary strata, wherever they are 
exposed by uplift and erosion, are found to be involved with a } 

mass of crystalline rocks which possesses the same character- 
istics in all parts of the world. It consists of foliated rocks, 
gneisses, and schists of various kinds, which have been cut with 
dikes and other intrusions of molten rock, and have been 
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btoto crumpled, end crushed, end left in mterlocking mussee 
» ccXd tLl tlreir true arrangement »n ueudly he made 
“t ‘:S; rvlth the greatest difficulty 11 at dl. The cond^™ 

of this l) 0 dy of ciystaUine rocks is due to the fact that they 
net Lly irom the 1*^- ^ 
intrusions of their time, hut necessarily, also, fiom those of all 

It^ Slh?erieadi^^ theories are held as to the origin of 

perhaps the majority of the 
gelgists who have studied them most carefully to he igneous 
rocks intruded in a molten state among the sechmentary ruedvs 
involved with them. In many localities this relation is pioi et 
by the phenomena of contact (p. 268) ; but for the most part the 
dLrmations which the rocks have since suffered again and agan 
have been sufficient to destroy such evidence if it ^ 

2. An older view regards them as profoundly altcicd sc. 
meutary strata, the most ancient of the earth. ^ 

3 According to a third theory they represent portions of 
the earth’s original crust; not, indeed, its original surface, but 
deeper portions imcovered by erosion and afterwards manUed 
with sedimentary deposits. All these theories agree that the 
present foliated condition of these rocks is due to the intense 

metamorphism which they have suffered. 

It is to this body of crystaUine rocks and the stratihed rocks 
involved ivdth it, which form a very small proportion of its 
mass, that the term Archean (Greek, arche, beginning) is ape 
plied by many geologists. 


The Algonki.vn 


In some regions there rests unconformably on the Archean 
an immense body of stratified rocks, thousands and in i>laees 
even scores of tlionsaiids of feet thick, known as the A (jo/i .(((/l 
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Great unconformities divide it into well-defined systems, but as 
only tlie scantiest traces of fossils appear here and there among 
its strata, it is as yet impossible to correlate the formations of 
different 'regions and to give them names of more than local 
application. We will describe the Algonkian rocks of two typi- 
cal areas. i t i 

The Grand Canyon of the Colorado. We have already studied 

a very ancient peueirlain whose edge is exposed to view deep on 
the walls of the Colorado Canyon (nn', Fig. 207). The formation 
of flat-lying sandstone which covers this buried land surface is 
proved by its fossils to belong to the Cambrian, -- the earliest 
period of the Paleozoic era. The tilted rocks (h, I'ig. 207) on 
whose upturned edges the Cambrian sandstone rests are far- 
older, for the physical break which separates them from it 
records a time interval during which they were upheaved to 
mountainous ridges and worn down to a low plam. They are 
therefore classified as Algonkian. They comprise two immense 
series. The upper is more than five thousand feet thick and 
consists of shales and sandstones with some limestones. Sepa- 
rated from it by an unconformity which does not appear m 
Fimire 207, the lower division, seven thousand feet thick, con- 
sists chiefly of massive reddish sandstones with seven or more 
sheets of lava interbedded. The lowest member is a basal con- 
glomerate composed of pebbles derived from the erosion of the 
dark crumpled schists beneath, ^ schists which are supposed to 
be Archean. As shown, in Figure 207, a strong uncoiiformitj 
(mmi’, Fig. 207) parts the schists and the Algonkian. The floor- 
on which the Algonkian rests is remarkably even, and here 
ao-ain is proved an interval of mcalculable length, during which 
an ancient land mass of Archean rocks was baseleveled before 
it received the cover of the sediments of the later age. 

The Lake Superior region. In eastern Canada an area of 
pre-Cambrian rocks, Archean arid Algonkian, estimated at two 
million square miles, stretches from the Great Lakes and the 






St. Lawrence Paver northward to the confines of 
the continent, inclosing Hudson Bay in the arms 
of a gigantic U- This immense area, which we 
have already studied as the Laurentian peneplaui 
(p. 89), extends southward across the Canadian 
border into northern Minnesota, Wisconsin, and 
The I’ocks of this area are known to 
for the Cambrian strata, wher- 


Michigan. 
he pre-Cambrian ; 
ever found, lie unconformably upon them. 

The general relations of the formations of that 
portion of the area which lies about Lake Supe- 
rior are shown in Figure 262. Great unconformi- 
ties, VU', separate the Algonkian both from 
the Archean and from the Cambrian, and divide 
it into three distinct systems, — tlie Loivcr Eu- 
ronian, the Upixr /Lwroafctn, and the liewee- 
nawan. The Lower and the Upper Huroniau 
consist in the main of old sea muds and sands 
and luny oozes now changed to gneisses, scliists, 
marbles, quartzites, slates, and other metamorphic 
rocks. The Keweenawan is composed of immense 
piles of lava, such as those of Iceland, overlain by 
bedded sandstones. What remains of these rock 
systems after the denudation of all later geo- 
logic ages is enormous. The Lower Huroniau is 
more than a mile thick, the Upper Huroniau more 
than two miles thick, wlrile the Iveweenawan ex- 
ceeds nine miles in thickness. The vast length 
of Algonkian time is shown liy the thickness 
of its marine denosits and by the cycles of ero- 
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wlien tliey occurred, and tlie erosion cycles marked by the 
successive iiiiconformities. 

Other pre-Cambrian areas in North America. Pre-Cambrian 
rocks are exposed in various parts of the continent, usually by 
the erosion of mountain ranges in which their strata were 
infoldeci Large areas occur in the maritime provinces of 
Canada. The core of the Green Mountahis of Vermont is pre- 
Cambrian, and rocks of these systems occur in scattered patches 
in western Massachusetts. Here belong also the oldest rocks of 
the Highlands of the Hudson and of Hew Jersey. The Adi- 
rondack region, an outlier of the Laurentian region, exposes 
pre-Cambrian rocks, which have been metamorphosed and tilted 
by the intrusion of a great boss of igneous rock out of which 
the central peaks are carved. The core of the Blue Eidge and 
probably much of the Piedmont Belt are of this age. In the 
Black Hills the irruption of an immense mass of granite has 
caused or accompanied the upheaval of pre-Cambrian strata and 
metamorphosed them by heat and pressure into gneisses, schists, 
quartzites, and slates. In most of these mountainous regions 
the lowest strata are profoundly changed by metamorphism, and 
they can be assigned to the pre-Cambrian only where they are 
clearly overlain unconformably by formations proved to be Cam- 
brian by their fossils. In the Belt Mountams of Montana, how- 
ever, the Cambrian is underlain by Algonkian sediments twelve 
thousand feet thick, and but little altered. 

Mineral wealth of the pre-Cambrian rocks. The pre-Cam- 
brian rocks are of very great economic importance, because of 
their extensive metamorphism and the enormous masses of igne- 
ous rock which they involve. In many parts of the country 
they are the source of supply of granite, gneiss, marble, slate, 
and. other such building materials. Still more valuable are the 
stores of iron and copper and other metals which they contain. 


At the present time the pre-Cambrian region about Lake 
Superior leads the world in the production of iron ore, its 
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)3 being more tban five seventbs of the entire 
whole United States, and exceeding that of any 
•y. The ore bodies consist chiefly of the red 
(hematite) and occur in troughs of the strata, 
some impervious rock. A theory held by many 
mate source of the iron to the igneous rocks of 
When these rocks were upheaved and subiected 
their iron compounds were decomposed. Iheh 
.ed out and carried away to be laid in the Algou- 
idies in beds of iron carbonate and other iron 
during the later ages, after the Algonkian strata 
fted to form part of the continent, a second coii- 
s taken place. Descenduig underground waters 
oxygen have decomposed the iron carbonate and 
iron, in the form of iron oxide, in troughs 
fiioi-p rlnwT^wfi.rd iiroaress was ariested h\ 
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The appearance of life. Sometime during the dim ages pre- 
ceding the Cambrian, whether in the Archean or in the Algon- 
kian we know not, occurred one of the most important events 
in the history of the earth. Life appeared for the first time 
upon the planet. Geology has no evidence whatever to ofl'er as 
to whence or how life came. All analogies lead us to believe 
that its appearance must have been sudden. Its earliest forms 
are unknown, but analogy suggests 
that as every living creature has 
developed from a single cell, so the 
earliest organisms upon the globe 

the germs from which all later- 

life is supposed to have been evolved 
— were tiny, unicellular masses of 
protoplasm, resembling the amceba 
of to-day in the simplicity of their 
structure. 

Such lowly forms were destitute 
of any hard parts aird could leave 
no evidence of their existence in 
the record of the rocks. And of 
their supposed descendants we find 
so few traces in the pre-Cambrian 
strata that the first steps in organic 
evolution must be supplied from 
such analogies in embryology as the 
following. The fertilized ovum, the cell with which each ani- 
mal begins its life, grows and multiplies by cell division, and 
develops into a hollow globe of cells called the llasiosphere. 
Tills stage is succeeded by the stage of the gastrula, an ovoid 
or cup-shaped body with a double wall of cells inclosing a 
body cavity, and with an opening, the primitive mouth. Each of 
these early embryologieal stages is represented by living ani- 
mals, — the undivided cell by the protozoa, ths. blastoisphere by 



Tig. 263. Successive Stages in 
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some rare forms, and the gastruia in the essential structure 
of the mlentercf/tes, — the siibldngdom to which the fresh-water 
hydra and the corals belong. All forms of animal life, from 
the coelenterates to the mammals, follow the same path in their 
embryological development as far as the gastruia stage, but 
here their paths widely diverge, those of each siibkingdom going 
their own separate ways. 

We may infer, therefore, that during the pre-Cambrian periods 
organic evolution followed the lines thus dimly traced. The 
earliest one-celled protozoa were probably succeeded by many- 
celled animals of the type of the blastosphere, and these by 
gastrula-like organisms. From the gastruia type the higher sub- 
divisions of animal life probably diverged, as separate branches 
from a common trunk. Much or all of tliis vast differentia- 
tion was accomplished before the opening of the next era ; for 
all the subkingdonis are represented m the Cambrian except 
the vertebrates. 

Evidences of pre-Cambrian life. An indirect evidence of life 
during the pre-Cambrian periods is found in the abundant and 
varied fauna of the next period ; for, if the theory of evohition 
is correct, the differentiation of the Cambrian fauna was a long 
process which might well have required for its accomplishment 
a large part of pre-Cambrian time. 

Other indirect evidences are the pre-Cambrian limestones, 
iron ores, and graphite deposits, since such iniiierals and rocks 
have been formed in later times bj^ tlie help of organisnis. If the 
carbonate of lime of the Algonkiaii limestones and marbles was 
extracted from sea water by organisms, as is done at present by 
corals, mollusks, and other humble animals and plants, the 
life of those ancient seas must have been abundant. Gra])]iite, 
a soft black mineral composed of carbon and used in the man- 
ufacture of lead pencils and as a lubricant, occurs wddely in 
the metamorphic pre-Cambrian rocks. It is known to be pro- 
duced in some cases by the metamorphism of coal, vdiich itself 
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is formed of decomiDosed vegetal tissues. Seams of graphite 
may therefore represent accumulations of vegetal matter such 
as seaweed. But limestone, hon ores, and graphite can be pro- 
duced by chemical processes, and their presence in the pre- 
Cambrian makes it only probable, and not eertam, that life 
existed at that time. 

Pre-Cambtiaii fossils. Very rarely lias any clear trace of an 
organism been found in the most ancient chapters of the geo- 
logical record, so many of their leaves have been destroyed and so 
far have their pages been defaced. Omitting structures whose 
organic nature has been questioned, there are left to mention a 
tiity seasheU of one of the most lowly types, — a iltscma from 
the pre-Cambrian rocks of the Colorado Canyon, and fiom the 
pre-Cambrian rocks of Montana trails of annelid worms and 
casts of their burrows in ancient beaches, and fragments of the 
tests of crustaceans. These diverse forms indicate that before 
the Algonkian had closed, life was abundant and had widely 
differentiated. We may expect that other forms will be dis- 
covered as the rocks are closely searched. 

Pre-Cambrian geography. Our knowledge is far too meager 
to warrant an attempt to draw the varying outlines of sea and 
land during the Archean and Algonkian eras.^ Pre-Cambrian 
time probably was longer than aU later geological time down 
to the present, as we may infer from the vast thicknesses o i s 
rocks and the unconformities wliich part them. We know 
durin.^ its long periods land masses again and again rose from 
the sea, were worn low, and were submerged and covered with 
the waste of other lands. But the formations of 
regions cannot be correlated because of the absence of fossils, 
and nothing more can be made out than the detached 
of local histories, such as the outline given of the district 

Lake Superior. _ 

The pire-Cainbrian rocks show no evidence of any forces 
at work upon the earth except the forces which are at 
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upon it now. The most ancient sediments known are so like 
the sediments now being laid that we may infer that they were 
formed under conditions essentially similar to those of the 
present time. There is no proof that the sands of the pre- 
Cambrian sandstones were swept by any more powerful waves 
and currents than are offshore sands to-day, or that the muds 
of the pre-Carnbrian shales settled to the sea floor in less quiet 
water than such muds settle in at present. The pme-Cambrian 
lands were, no doubt, worn by wind and weather, beaten by rain, 
and furrowed by streams as now, and, as now, they fronted the 
ocean with beaches on which waves dashed and along which 
tidal currents ran. 

Perhaps the chief difference between the pre-Cambrian and 
the present was the absence of life upon the land. So far as we 
ha^^e any knowledge, no forests covered the mountain sides, no 
verdure carpeted the plains, and no animals lived on the groiind 
or in the air. It is permitted to think of the most ancient lands 
as deserts of barren rock and rock waste swept by rains and 
trenched by powerful streams. We may therefore suppose that 
the processes of their destruction went on more rapidly than at 
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THE CAMBRIAN ■’ 
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The Paleozoic era. The second volume of the geological I 

record, called the Paleozoic (Greek, ancient ; 2:0c, life), 

has come down to us far less mutilated and defaced than has 
the first volume, which contains the traces of the most ancient 
life of the globe. Fossils are far more abundant in the Paleo- 
zoic than in the earlier strata, while the sediments in which 
they were entombed have suffered far less from metamorphism 
and other causes, and have been less widely buried from view, 
than the strata of the pre-Cambrian groups. By means of their 
fossils we can correlate the formations of widely separated 
regions from the beginning of the Paleozoic on, and can there- 
fore trace some outline of the history of the continents. 

Paleozoic time, although shorter than the pre-Cambrian as 
measured by the thickness of the strata, must still be reckoned 
in millions of years. During this vast reach of time the changes 
hi organisms were very great. It is according to the successive 
stages in the advance of life that the Paleozoic formations are 
arranged in five systems, — the C(^m.lHanyi\\Q Ordo the 

Sikiricm, the Deiionicm, and the On the same 

basis the first three systems are grouped together as the older 
Paleozoic, because they alike are characterized by the dominance 
of the invertebrates ; while the last two systems are united in 
the later Paleozoic, and are characterized, the one by the domi- 
nance of fishes, and the other by the appearance of amphibians 
and reptiles. ,, ... 

Each of these systems is world-wide in its distribution, and 
may be recognized on any continent by its own peculiar fauna. 
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Tlie names first given them in Great Britain have tlieix^fore 
come into general use, while their subdmsions, which 
cannot be correlated in different countries and different regions, 
are usually given local names. 

The first three systems were named from the fact that their strata 
are well displayed in Wales. The Cambrian carries the Roman name 
of Wales, and the Ordovician and Silurian the names of tribes of 
ancient Britons which inhabited the same country. The Devonian is 
named from the English county Devon, where its rocks were early 
studied. The Carboniferous was so called from the large amount of 
coal wliich it was found to contain in Great Britain and continental 
Europe. 
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Distribution of strata. The Cambrian rocks outcrop in narrow 
belts about the pre-Cambrian areas of eastern Canada and the 
Lake Superior region, the Adirondacks and the Greeii Mountains. 
Strips of Cambrian formations occupy troughs in the pre-Caiii- 
brian rocks of New England and the maritime provinces of 
Canada; a long belt borders on the west the crystalline rocks of 
the Blue Ridge ; and on the opj^osite side of the continent the 
Cambrian reappears in the mountains of the Great Basin and the 
Canadian Rockies. In the Mississippi valley it is exposed in 
small districts wdrere updift has permitted the stripping off of 
younger rocks. Although the areas of outcrop are small, we 
may infer that Cambrian rocks were widely deposited over the 
continent of North America. 

Physical geography. The Cambrian system of North Amer- 
ica comprises three distinct series, the Lovyv CninhrUu}, the 
Middle Cwmbriem, and the JJiypcT Cainbrirni, each of whicli is 
characterized by its own p)eculiar fauna. In sket(diing the (ait- 
lines of the continent as it w*as at the beginning of the Paleozoic, 
it must be remembered that wherever the Lower Caml^rian 
formations now are found was certainly then sea bottom, and 
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wherever tlie Lower Cambrian are wanting, and the next forma- 
tions rest directly on pre-Cambrian rocks, was probably then land. 

Early Cambrian geography. In this way we know that at 
the opening of the Cambrian two long, narrow mediterranean 
seas stretched from north to south across the continent. The 
eastern sea extended from the Gulf of St, Lawrence down the 
Champlain-Hudson : : 

along the western ' f - 

base of the Blue *"u v) /ylvv/.. 

Ridge south at ^ I ^ 

The western sea ^ ft E 

a great central L 264. Hypothetical Map of Eastern North 

which included the America at the Beginning of Cambrian Time 
pre-Cainbl ian U- Unshaded areas, probable land 

shaped area of the 

Laurentian peneplain, and probably extended southward to the 
latitude of New Orleans. To the east lay a land which we may 
designate as A2ypcdacJiicij whose western shore line was drawn 
along tlie site of the present Blue Btidge, but whose other limits 
are quite unknown. The land of Appalachia must have been 
large, for it furnished a great amount of waste during the entire 
Paleozoic era, and its eastern coast may possibly have lain even 






Fig. 264. Hypothetical Map of Eastern North 
America at the Beginning of Cambrian Time 

Unshaded areas, probable land 
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beyond the edge of the present continental shelf. On the west- 
ern side of the continent a narrow land occupied the site of the 
Sierra Nevada Mountains. 

Thus, even at the beginning of the Paleozoic, the continental 
plateau of North America had already been left by crustal move- 
ments in relief above the abysses of the great oceans on either 
side. The mediterraneans which lay upon it were shallow, as 
their sediments prove. They were epicontinental seas; that is, 
they rested upon (Greek, the submerged portion of the con- 
tinental plateau. We have no proof that the deep ocean ever 
occupied any part of where North America now is. 

The Middle and Upper Cambrian strata are found together 
with the Lower Cambrian over the area of both the eastern 
and the western mediterraneans, so that here tlie sea contin- 
ued during the entire period. The sediments tlir()ughc>iit are 
those of shoal water. Coarse cross-bedded sandstones record 
the action of strong shifting currents wliich spread coarse waste 
near shore and winnowed it of finer stuff. Fre(;[iient ripple 
marks on the bedding planes of the strata prove that the loose 
sands of the sea floor were near enough to the surface to be 
agitated by waves and tidal currents. Sun cracks show that 
often the outgoing tide exposed large muddy fiats to the drying 
action of the sun. The fossils, also, of the strata are of kinds 
related to those which now live in shallow waters near the 
shore. 

The sediments which gathered in the mediterranean seas 
were very thick, reaching in places the enormous depth of ten 
thousand feet. Hence the bottoms of these seas were sinking 
troughs, ever filling with waste from the adjacent land as fast 
as they subsided. 

Late Cambrian geography. The formations of the ^liddie 
and Upper Cambrian are found resting unconformabl\' on the 
pre-Cambrian rocks from New Yurk westward into ]\linnesola 
and at various points in the interior, as in ]\Iissonri and in 
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Texas. Hence after earlier Cambrian time the central land sub- 
sided, with much the same effect as if the Mississippi valley 
were now to lower gradually, and the Gulf of Mexico to spread 
northward until it entered Lake Superior. Tlie Cambrian seas 
transgressed the central land and strewed far and wide behind 
their advancing beaches the sediments of the later Cambrian 
upon an eroded surface of pre-Cambrian rocks. 

The succession of the Cambrian formations in North America 
records many minor oscillations and varying conditions of 
physical geography; yet on the whole it tells of widening seas 
and lowering lands. Basal conglomerates and coarse sandstones 
which must have been laid near shore are succeeded by shaly 
sandstones, sandy shales, and shales. Toward the top of the 
series heavy beds of limestone, extending from the Blue Eidge 
to Missouri, speak of clear water, and either of more distant 
shores or of neighboring lands winch were worn or sunk so 
low that for the most part their waste was carried to the sea 
in solution. 

In brief, the Cambrian was a period of submergence. It 
began with the larger part of North America emerged as great 
land masses. It closed with most of the interior of the con- 
tinental plateau covered with a shallow sea. 


The Life of the Cambrian Period 

It is now for the first time that we find preserved in tlie 
offshore deposits of the Cambrian seas enough remains of ani- 
mal life to be properly caEed a fauna. Doubtless these remains 
are only the most fragmentary representation of the life oL the 
time, for the Cambrian rocks are very old and have been widely 
metamorphosed. Yet the five hundred and more species already 
discovered embrace all the leading tj'-pes of invertebrate life, and 
are so varied that we must believe that their lines of descent 
stretch far back into the pre-Cambrian past. 


liifc'f 
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Plants. No remains of plants have been found in Caiiibriaii 
strata, except some doubtful markings, as of seaweed, 

.. ... ■■ ■'Sponges. The sponges, the lowest 

inulticelliilar animals, were 
represented by several orders. Their 
fossils are recognized by the sili- 
ceous spicules, which, as in modern 
either were scattered 
through a mass of horny fibers or 
^ were connected in a flinty frame- 

F... 205. Sponse Spicules a.s . Coelenterates. This .subkingdom 

seen in Flint under the includes two classes of interest to 
Microscope the geologist, — the II)jdrozo(j., such 

as the fresh-water hydra and the jellyfish, and the corah. Hotli 
classes existed in the Cambrian. 

The Hydrozoa wv^ere represented not only by jellyfish but 
also by tlie gfaftolite^ which takes its name from a fancied 


Fig. 266. Graptoiites, Ordovician and Silurian Specie 




m 

THE CAMBRIAN 321 

resemblance of some of its forms to a quill pen. It was a com- 
posite animal with a horny framework, the individuals of tlie 
colony living in cells strung on one or both sides along a hollow 
stem, and communicating by means of a common flesh in this 
central tube. Some graptolites were straight, and some curved 
or spiral; some were single stemmed, and others consisted of 
several radial stems united. Graptolites occur but rarely in 
the Upper Cambrian. In the Ordovician and Silurian they are 
very plentiful, and at 
the close of the Silurian 
they pass out of exist- 
ence, never to return. 

Corals are very rarely 
found, ill the Cambrian, 
and the description of 
their primitive, types is 
postponed to later chap- 
ters treating of periods 
when they became more 
numerous. 

Echinoderms. This 
subkingdoni comprises 
at present such familiar 
forms as the crinoid, the 

starfish, and the sea urchin. The structure of echinoderms is 
radiate. Their integument is hardened with plates or particles 
of carbonate of lime. 

Of the free echinoderms, such as the starfish and the sea urchin, 
pthe former has been found in the Cambrian rocks of Europe, 
but neither have so far been discovered in the strata of this 
period in North America. The stemmed and lower division of 
the echinoderms was represented by a primitive type, the 
cystoid, so called from its saclike form. A small globular or 
ovate calyx ” of calcareous plates, with an aperture at the 







Fig. 267. Cystoids, one sliowing Two Rudi- 
mentary Arms 
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top for tlie moiith, inclosed tlie body of the animal, and was 
attached , to the sea bottom by a short flexible stalk consisting 
of disks of carbonate of lime held together by a central ligament. 

Arthropods. These segmented animals with “ jointed feet,” 
as their name su^ests, : may be divided in a general way into 
water breathers and air breathers. The first-named and lower 
division comprises the class of the Crustacea, — arthropods 
protected by a hard exterior skeleton, or “crust,” — of which 
crabs, crayfish, and lobsters are familiar examples. The lugher 



Fig. 268. Trilobites 


d, a Cambrian species; J5, a Devonian species, showing eye ; C, restoration 
of an Ordovician species 


division, that of the air breathers, includes the following classes : 
spiders, scorpions, centipedes, and insects. 

The trilobite. The aquatic arthropods, the Crustacea, culmi- 
nated before the air breathers ; and while none of the latter are 
found in the Cambrian, the former were the dominant life of 
the time in numbers, in size, and in the vaiiet}' of their forms. 
The leading crustacean type is the triIohiti\ which takes its 
name from the three lobes into which its shell is divided longi- 
tudinally. There are also three cross divisions, — the head shield, 
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the tail shield, and between the two the thorax, consisting of a 
niiiiiber of distinct and unconsolidated segments. The head 
shield carries a pair of large, crescentic, compound eyes, like 
those of the insect. The eye varies greatly in the number of its 
lenses, ranging from fourteen in some species to fifteen thousand 
in others. Figure 268, (7, is a restoration of the trilobite, and 
shows the appendages, which are found preserved only in the 
rarest cases. 

Diirmg the long ages of the Cambrian the trilobite varied 
greatly. Again and again new species and genera appeared, 
while the older types became extinct. For this reason and 
because of their abundance, trilobites are used in the classifica- 
tion of the Gainbrian system. The Lower Cambrian is charac- 
terized by the presence of a trilobitic fauna in which the genus 
Olenellus is predominant. This, the Ole- 
nelhis Zone, is one of the most important 
platforms in the entire geological series ; y \ 

for, the w’orld over, it marks the begin- y/l] \ 

ning of Paleozoic time, while all under- V:-- 

lying strata are classified as pre-Cam- , 

brian. The Middle Cambrian is marked 

by the genus Paradoxides, and the Upper Cambrian by the 
genus Olenus. Some of the Cambrian trilobites were giants, 
measuring as much as two feet long, while others were the 
smallest of their kind, a fraction of an inch in length. 

Another type of crustacean which lived in the Cambrian and 
whose order is still living is illustrated in Figure 269. 

Worms. Trails and burrows of worms have been left on 
the sea beaches and mud flats of all geological times from the 
Algonkian to the present. 

BracMopods. These soft-bodied animals, with bivalve shells 
and two interior armlike processes which served for breathing, 
appeared in the Algonkian, and had now become very abundant. 
The two valves of the brachiopod shell are une(][ual in size, and 
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Fig. 270. A Cambrian Articu- 
late Brachiopod, Orthis 


in eacli valve a line drawn fixm tlie base divides 

the valve into two equal parts (Fig. 270). It may tliiis be told 

from the pelecypod riiolliislv^ such as 
the clam, whose two valves a, re not far 
from equal in size, each being divided 
unecpial parts by a ihie dropped 
fPQjji the beak (Fig. 272). 

Fig. 270. A Cambrian Articii- Brachiopods include two orders. In 
late Brachiopod, Orthis ruost primitive order — that of the 

inartimilate brachiopods — the two valves are held together 
only by muscles of the animal, and the shell is horny or is 
composed of phosphate of lime. The Discina, wliicli began in 
the Algonkian, is of this type, as is 
also the LingiiMlct of tlie Cambiian 
(Fig. 271). Both of these genera 
have lived on during the milli.o.ns 
of years of geological time since A B 

their introduction, handing down Fig. 271. Cambrian Inartieu- 
froni generation to generation with hrte BrachiopcKls 

hardly any change to their descend- linguieiia ; i/, Discina 

ants now living off our shores the characters impressed upon 
them at the beginning. 

The more highly organized artictdate brachiopods ha;s'e 
valves of carbonate of lime more securely joined by a liiiige 
with teeth and sockets (Fig. 270). In tlie 
Cambrian the iiiarticiilates predominate, 
though the articulates grow common 
toward the end of the ]»eriutL 

Mollusks. The three chief classes of 
Fig. 272. Cambrian mollusks — (ix^presented ])y 

Idecjipoa oyster and clam of lo-day ), ilie /f^.s7/v;- 

conclies, and 2 »erlwinkles\, ami 
cuttletisli, and squids)'— ■ 


late Braebiopods 
Ay Ijiiigulella ; i/, Discina 


grow common 
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Ceplialopods, the most highly 
into existence, so far as the r 
the Cambrian, with the 
long extinct Oftlioceras 
(straig^it^i'OTn) and the 
allied genera of its 
fairiily. The Orthoceras 
had a long, straight, and 
tapering shell, dmded 
by cross partitions into 
chambers. The animal 
lived in the “body 
chamber” at the larger 
end, and walled off the 
other chambers from it 
in succession during the gro^ 
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the siplhurick (s, Fig. 275, passed through from the body 
oliauiber to the closed tip of the cone. 

j. The seashells, both brachi<jp(Kls 
liioliusks, are in some respec^ts 
the most important to the geologist 
fossils. They have been so 
numerous, so widely distributed, 
and so well preserved because of 
their durable shells and their 
J station in growing sediments, thai 
^ better than any other group of 
organisms they can 1)6 used to cc)r- 
^BWB relate the strata of different regions 
to mark hy their slow changes 
^ J the advance of geological time. 

^ Climate. Tlie life of Cambrian 

Fig. 275. Ortlioceras times ill different countries coll- 
ar, fossil shell ; B, restoration Suggestion of any maihed 

climatic zones, and as in later periods a warm climate pi’obabl}' 
reached to the polar regions. 



s 


CHAPTER XVII 

THE ORDOVICIAN^ AND SILURIAN 

The Ordovician 

In North America the Ordovician rocks lie conformably on 
the Cambrian. The two iieriods, therefore, were not parted by 
any deformation, either of mountain making or of continental 
uiilift. The general submergence which marked the Cambrian 
continued into the siicceedmg period with little inteiTuption. 

Subdivisions and distribution of strata. The Ordovician 
series, as they have been made out in New York, are given for 
reference in the following table, with the rocks of which they 
are chiefly composed ; 

5 Hudson . . • • • • • • shales 

4 Utica shales 

3 limestones 

2 Chazy . . • • • • • • limestones 

1 Calciferous sandy limestones 

These marine formations of the Ordovician outcrop about the 
Cambrian and pre-Cambrian areas, and, as borings show, extend 
far and wide over the interior of the continent beneath more 
recent strata. The Ordovician sea stretched from Appalachia 
across the Mississippi valley. It seems to have extended to 
California, although broken probably by several mountainous 

islands in tlie west. , • i • 

Physical geography. The physical history of the period is 
recorded in the succession of its formations. The sandstones of 
the Upper Cambrian, as we have learned, tell of a transgressing 

1 Often known as the Lower Silurian. 
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sea 'whicli gradually came to occupy the Mississippi valley and 
the interior of North America. The limestones of the early and 



middle Ordovician show that now the shore had become remote 
and the lands had become more low. The waters now had 
cleared. Colonies of brachiopods and other lime-secretiiig ani- 
mals occupied the sea bottom, and their debris mantled it with 
slieets of limy ooze. The sandy limestones of the Calciferous 

- ■■ - ' record the trail sit ion 

Cam- 

brian when 

1 t 

I / X---' / f from shor 


some sand 
’Ought in 
•e. Tlie highly 
^ fossiliferoiis limestones 

A- Y— /j C)f the Trenton tell of 

y_ ' f abuii- 

y dant life. We need not 

- -- Y regard tliis epicoiiti- 

x.G if iiental sea as deep. No 

abysmal deposits liave 
Y: been found, and the 

limestones of the period 

— are those which would 

Fig. 276. Hypothetical Map of the Eastern be laid ill clear, wai’lil 
United States in Ordovician Time of moderate 

depth, like tliat of 
modern coral seas. 

The shales of the Utica and Hudson show that the waters of 
the sea now became clouded with mud washed in from laml. 
Either the land was gradually uplifted, or perhajis tliere had 
arrived one of those periodic crises which, as we may imagine, 
have taken place whenever the crust of the shrinking eaith lias 
slowly given way over. its great depressions, and ilie ot.-eaii Ims 
withdrawn its waters into deepening abysses. The land was 
thus left relatively higher and bordered with new euastal ]>lains. 


Shaded areas, probable sea; broken lines, 
proximate shore lines 


THE ORDOVICIAN AND SILURIAN 


329 


The epicontinental sea was shoaled and narrowed, and muds 
were washed in from the adjacent lands. 

The Taconic deformation. The Ordovician was closed by a 
deformation whose extent and severity are not yet known. 
From the St. Lawrence Eiver to New York Bay, along the 
northwestern and western border of New Engknd,lies a belt of 
Cainhrian-Ordovician rocks more than a mile in total thickness, 
which accumulated during the long ages of those periods in a 
o-radually subsiding trough between the Adirondacks and a pre- 
Cambrian range lying west of the Connecticut Paver. But since 
their deposition these ancient sediments have been crumpled 
and crushed, broken with great faults, and extensively metamor- 
phosed The limestones have recrystallized into marbles, among 
them the famous marbles of Vermont ; the Cambrian sandstones 
have become quartzites, and the Hudson shale has been changed 
to a schist exposed on Manhattan Island and northward. ^ _ 

In part these changes occurred at the close of the Ordovician, 
for in several places beds of Silurian age rest iinconformably on 
the upturned Ordovician strata ; but recent investigations have 
made it probable that the crustal movements recurred at later 
times, and it was perhaps in the Devonian and at the close of 
the Carboniferous that the greater part of the deformation and 
metamorphism was accomplished. As a result of these inove- 
inents, — perhaps several times repeated, — a great mountain 
range was upridged, which has been long since leveled by eK^ 
sioi'i, but whose roots are now visible in the Taconic Mountains 
of western New England. 

The Cmcinnati anticline. Over an oval area in OHo, ^ 

Kentucky, whose longer axi.s extends from north to 
Cincinnati, the Ordovician strata rise in a veryTow, 

the Cincinnati anticline. The Silurian and Devonian strata ti n out as 

they approach this area and seem never to have 

may rlgard it, therefore, as an island npwarped from the sea at the 
close of the Ordovician or shortly after. 



Petroleum and natural gas. These valuable illiimiiiaiits and 
fuels are considered here because, although they are found in 
traces in older strata, it is in the Ordovician that they oceur 
for the first time m large quantities. They range throiighout 
later formations down to the most recent. 

The oil horizons of California and Texas are Tertiary ; those of Cob 
orado, Cretaceous; those of West Yirginia, Carboniferous; those of 
Pennsylvania, Kentucky, and Canada, Devonian ; and the large field 
of Ohio and Indiana belongs to the Ordovician and higher systems. 

Petroleum and natural gas, wherever found, have pro]:>ably 
originated from the decay of organic matter when buried in 
sedimentary deposits, just as at present in swampy places the 
hydrogen and carbon of decaying vegetation coinlfine to form 
marsh gas. The light and heat of these hydrocarbons we may 
think of, therefore, as a gift to the civilized life of our race from 

the humble organisms, both 
animal and vegetable, -of the 


remote past, wdiose remaiiis 
were entombed in the sedi- 
ments of the 

Fig. 277. Diagram illustrating the Con- Petroleum is very widely 
ditions of Accumulation of Oil and disseminated throughout 

the stratified rocks. Certain 

a. source; h, reservoir; c, cover. Wliat ^ , • -n 

would be the result of boring to tlie hmestoiies are ^ ISlMy gl CaS} 

reservoir rock at d? atd"? at d'W it, and others give off 

its cliaracteristic fetid odor when struck with a hammer, ilany 
shales are bituminous, and some are so highly charged iliat 
small flakes may he lighted like tapers, and several galluus of 
oil to tlie ton may he obtauied by distillation. 

But oil and gas are found in paying quantities onl}’ wlieii 
tain conditions meet: 

1. A source below, usually a bitiuniiious shale, frmu whose 
organic matter they have been derived by slow change. 
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2 A rcscrroiV above, in wMcK they have gathered. Tins is 
either a porous sandstone or a porous or creviced limestone. 

3. Oil and gas are lighter than water, and are usually under 

pressure owing to artesian water. Hence, in order to hold them 
from escaping to the surface, the reservoir must have the shape 
oi &n antidine, dome, ov lens. ^ . 

4. It must also have an impervious usually a shale. 

In these reservoirs gas is under a inessure which is often 

enormous, reaching in extreme cases as high as a thousand hve 
hundred pounds to the square inch. When tapped it rushes 
out with a deafening roar, sometimes flinging the heavy drill 
hi.di in air. In accounting for this pressure we must remember 
that the gas has been compressed within the pores of the reser- 
voir rock by artesian water, and in some cases also by its own 
expansive force. It is not uncommon for artesian water to rise 
in wells after the exhaustion of gas and od. 



Life of the Ordovician 



During the ages of the Ordovician, life made great advances 
Types already present branched widely into new genera and 
species, and new and higher 


types appeared. 

Sponges continued from 
the Cambrian. Grajitolites 
now reached their climax. 

Stromatopora — colonies 
of muiute hydrozoans allied 
to corals — grew in places 
on the sea floor, secreting 

stony masses composed of ; ^ 

thhi, close, concentric layers, connected by vertical r .. 
Stromatopora are among the chief limestone builders of the 
Silurian and Devonian periods. 


Fig. 278. Stromatopora 
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Corals developed along several distinct lines. 
Like inoderii corals they secreted a calcareous 
framework, in whose outer portions the polyi)s 
lived. Ill the Ordovician, corals were represented 
chiefly by the family of the Ohmtetes, all species 
of which are long since extinct. The description 
of other types of corals will he given under the 
Snuiian, where they first became abundant. 

Echinoderms. The cystoid reaches its climax, but 
there appear now two liigher types of echiiioderins, 
— the ciinoid and the starfish. The crimid^ named 
from its resemblance to the lily, is like the cystoid 
in many respects, hut has a longer stem and sup- 
ports a crown of plumose arms. Stirring the water 
with these arms, it creates currents by which par- 
ticles of food are wafted to its month. Crinoids are 
rare at the present time, hut they grew in the 
greatest profusion in the warm Ordovician seas and 
for long ages thereafter. In many places the sea 
floor was beautiful with these graceful, floweiiike 
forms, as with fields of long-stemmed lilies. Of tlie 
higher, free-moving classes of the ecliinoderms, star- 
fish are more numerous than in the Cambrian, and 
sea urchins make their appearance in rare ar- 
chaic forms. 

Crustaceans. Trilobites now reacli their great- 
est development and more than eleven hundred 
species have been described from the rocks id' 
this period. It is interesting to note that in 
many species the segments of the tluu’ax Iia\'e 
j now come to be so shaped tliat they na.ive fri.^el}' 
I on one another. Unlike their Cambrian anees« 
ill' tors, many of the Ordovician trilobites eouhl 
roH themselves into balls at the approach «*f 
danger. It is in tliis attitude, taken at the 


Fig. 27i). Crinokl, 
Jurassic Species 
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approach of death, that trilobites are often found in the Ordo- 
vician and later rocks. The gigantic crustaceans called the 
eim'yi'iterids 'were also present in this . 

period (Tig. 282). 




' li'rn 9«n An Orel O- ITIG, Z5,L, iVll V7TtlU vr- 

■ vicHn Starfish ' cian Sea UroMn Fi«. 282. Eurypt,eru,s 

The arthropods had now seized upon the land. Centipedes 
and msects of a low type, the earliest known land animals, have 
been discovered in strata of this system. ^ j, S 
Btyozoans* No fossils are more common 
in the limestones of the time than the small 
bran ching stems and lacelike mats of the 
biyozoans, — the skeletons of colonies of a 
minute animal allied in structure to the 

braohiopod. _ _ P,g. 283. A Biyozoan 

Brachiopods. These multiplied greatly, . m 

and in places their shells formed thick beds of coquina. Tiey 
still greatly surpassed the mollusks in numbers. 


Fig, 281. An Ordovi- 
cian Sea Urcliin 








Fig. 284. Ordovician Bracliiopods 


CepMopois. Among tim moltaota we >n.»t 
tion of the oeplielopoae. ihe primitive sliaight Orthooeias has 
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now become abundant. But iu addition to tliis ancestral type 
there appears a succession of forms more and more curved and 

I 1 closely coiled, as 


Fig. 285. A, Cyrtoceras; S, Troohoceras ; record of the Orchi- 
C, Lituites vician is that i u t Im 

appearance of a new and higher type, with possibilities (if 

development lying hidden in its structure that the molluslv 

and the insect could never hope to reach, hcales and idates 

of mmute fishes found in the Ordovician rocks near Lanon 

aty, Colorado, show that the hum- 

blest of the vertebrates had already 

made its appearance. But it is prob- 

able that vertebrates had been on 

the earth for ages before this in 

lowly types, which, being destitute 

of hard parts, would leave no record. 


The Silurian 


acterized the closing epoch of the ^gn, Kiuuilu.s 

Ordovician in eastern North America 

continue into the sueceedhig period of the Silurian. New 
cies appear and many old species now become extinct. 
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The Appalachian region. Where the Silurian system is most 
fully developed, from New York southward along the Appalu- 
chian Mountains, it comprises four series : 




4 Salina 
3 Niagara 
2 Clinton 
1 Medina 


shales, impure limestones, gypsum, salt 
chiefly limestones 

sandstones, shales, with some limestones 
conglomerates, sandstones 


The rocks of these series are shallow-water deposit, ai d 
reach the total thickness of some five thousand feet 
tLv were laid over an area which was on the whole gradualh 
subLlimr, although with various gentle oscillations which me 
“ — Y the ne — 

heavy Medina formations record a period of uplift of th 
eel o Appatochi., ,vhe» tvent 0» vepi.l v »k1 

“ , ie ln<W tve, h.o.ght hem the h.lk 1,^ ™ 

et.«.™ ep»ul by the tv.vee u. wide. “Oy li.fc As Im 
lands were worn lower the waste became finer, and cluiin 
irtpoerol tmesition-the Clmtoe-theve were dep«W 
varioue formations of saedstoiies, shales, and liiuoston . 
Sinara limestones testily to a long ep.mh of mpose. when low- 
Inn (Is sent little waste down to the sea. 

“ The gypsum and salt deposits of the Salhia show that towaM 
the closm of the Silurian period a slight oscillation broijht the 
fll nearer to the surface, and at the noirii cut off exten- 
rive tracts from the interior sea. In these wide lagoons, which 
now and then regained access to the open sea and obtained new 
supplies of salt water, beds of salt and gypsum were deposited 
as the briny waters became concentrated by evaporation undei 
rdtort clLmlo. Along with th»e bodo there were elm M 
shales and impure limestones. 

It «»he. oo»™l .. far wM .. Cl.v.I.ed, Ohio, 


E3G 
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Goderich on Lake Huron. At Ithaca, Xew York, the series is fifteen hun- 
dred feet thick, and is buried beneath an equal thickness of later strata. 
It includes two hundred and fifty feet of solid salt, in several distinct 
beds, each sealed wdthin the shales of the series. 

Would you expect to find ancient beds of rock salt inclosed in beds 
of pervious sandstone ? 

The salt beds of the Salina are of great value. They are reached by 
well borings, and their brines are evax^orated by solar heat and by boil- 
ing. The rock salt is also mined from deep shafts. 

Similar deposits of salt, formed under like conditions, occur in the 
rocks of later systems down to the present. The salt beds of Texas are 
Permian, those of Kansas are Permian, and those of Louisiana are 
Tertiary. 


The Mississippi valley. The heavy near-shore formations of 
the Silurian in the Ax^palacliian region thin out toward the west. 
The Medina and the Clinton sandstones are not found west of 
Ohio, where the first passes into a shale and the second into a 
limestone. The Niagara limestone, however, spi’eaxls froiii tlie 
Hudson River to beyond the Mississippi, a distance of more than 
a thousand miles. During the Silurian period the Mississijfiii 
valley region was covered with a (xiiiet, shallow, limestone- 
making sea, which received little waste from the low lands 
which bordered it. 

The probable distrihiition of land and sea in eastern North 
America and western Europe is shown in ITgure 287. The 
fauna of the interior region and of eastern Canada are closely 
allied with that of western Europe, and several species are 
identical. "We can hardly account for this except by a shallow- 
water connection between the two ancient epicontinental seas. 
It was X3erliax3s along the coastal shelves of a n<-)rthe]‘n laud con- 
necting America and Europe by way of GTreenlaiul ami Iceland 
that the migration took j)laee, so that the same sx^^cies canic to 
live in Iowa and in Sweden. 

The western United States. So little is found of the rocks of 
the system west of the Missouri River that it is ix^ite x^ubable 
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3tem part of the United States^^ for the most 

1 from the sea at the close of the Ordovician and 


S GEEENLAJJD 


Iceland 


Fig. 287. llypotlietical Map ot Tarts 
Eiiro];)e in Silurian 

Shaded areas, iirohable seas ; broke 
■ shore lines 

remained land during tlie Siluiian. 
western land was x^erliaps connected 
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Life of the Silurian 

In this brief sketch it is quite impossible to relate the many 
changes of species and genera during the Silurian. 

Corals. Some of the more common types are familiarly 
known as cup corals, honeycomb corals, and chain corals. In 


Fig, 290. Honeycomb Corals 

the mp corals the. most important feature is the development 
of radiating vertical partitions, or in the cell of the polyp. 
Some of the cup corals grew in hemispherical colonies (Fig. 288), 
wliile many were separate individuals (Fig. 289), building a 


Fig. 291. A Chain Coral Fig. 202. A Syringopora Coral 

single conical, or horn-shaped cell, which sometinies reached 
the extreme size of a foot in length and two or three inches in 
diameter. 
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Honeycomh corcds consist of masses of small, close-set pi is- 
matic cells, each crossed by horizontal partitions, or tahdm, 
wliile the septa are rudunentary, being represented by faintly 
projecting ridges or rows of spines. 

Chain corals are also marked by tabulae. Their cells form 
elliptical tubes, touchmg each other at the edges, and appearing 
in cross section hke the links 
(jf a chain. They became ex- 
tinct at the end of the Silurian. 

The corals of the Syringp- |- 

■pora family are similar in 


Fia. 293. A Blastoid : A, side view, 
showing portion of the stem ; 
J-?, summit of calyx (species Car- 
honiferous) 


but 


Fig. 294. A Silurian Scorpion 
the tubular columns are con- 


structure to cham corals, 
uected only in places. ' , , . • , j 

To the ecMnoderms there is now added the llastoid (hud- 
shaned) The blastoid is stemmed and armless, and its globu ar 
“ head ” or “ calyx,” with its five petal-like divisions, resembles 
a flower hud. The hlastoids became more abundant in the 
Devonian, culminated in the Carboniferous, and disappeared at 

the end of the Paleozoic. . 

The great eurypteiids — some of winch were five or six fee 
iu length — and the cephalopods were stffl masters of the seas. 
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Fishes were as yet few and small; trilobites and graptolites 
had now passed their prime and had diminislied greatly in num- 
bers. Scorpions are found in tins period both in Europe and in 
America. The limestone-making seas of the Silurian swariiied 
with corals, crinoids, and brachiopods. 


showing Interior Casts of Pv 
[Bon Silurian Bracliiopod 


CHAPTER XVIII 

THE DEVONIAN 


In America the SUurian is not separated from the Devonian 
by any mountain-making deformation or contmental uplift, ihe 
one period passed quietly into the other. Their contomahle 
systems are so closely related, and the change m their launas 
is so gradual, that geologists are not agreed as to the pieuse 

horizon which divides them. ^ . 

' subdivisions and physical geography. The Devonian is rep- 
resented ill New York and southward by the following hvc 
series. We add the rocks of which they are chiefly compose . 

6 Chemung sandstone.s and sandy shales 

shales and sandstones 
. . limestones 

.... sandstones 
. limestones 


4 Hamilton 

5 Corniferous 
2 Oriskany 
1 Helderberg 


The Helderherg is a transition epoch refeiTed by some geo - 
omsts to the Silurian. The tliiii sandstones of the Oriskany 
mark an epoch when waves worked over the deposits a o - 
mer coastal plains. The limestones of the Cormferou tcstifj 
to a warm and clear wide sea which extended from the Hiub 
son to beyond the Mississippi. Corals throve luxunantly, an 
their reniains, with those of mollusks and other lime-seuet- 
ing animals, hnilt up great beds of limestone. The boideiiiig 

continents, as during the later Silurian, must now^ Xe finest 

monotonous lowlands wMch sent down little of even the fln 

In the Hamilton the clear seas of the previous epoch became 
clouded with mud. The immense deposits of coarse sandstones 
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and sandy shales of the Chemung, which are found off what wavS 
at the time the west coast of AppalacMa, prove uplift of 
that ancient continent. 

The Chemung series extends from the Catskill Mountains to north” 
eastern Ohio and south to northeastern Tennessee, covering an area of 
not less than a hundred thousand square miles. In eastern New York it 
attains three thousand feet in thickness ; in Pennsylvania it reaches 
the enormous thickness of two miles; but it rapidly thins to the west. 
Everywhere the Chemung is made of thin beds of rapidly alternating’ 
coarse and fine sands and clays, with an occasional pebble layer, and 
hence is a shallow-water deposit. The fine material has not been thor- 
oughly winnowed from the coarse by the long action of strong waves 
and tides. The sands and clays have undergone little more sorting than 
is done by rivers. We must regard the Chemung sandstones as deposits 
made at the mouths of swift, turbid rivers in such great amount that 
they could be little sorted and distributed by waves. 

Over considerable areas the Chemung sandstones bear little or no 
trace of the action of the sea. The Catskill Mountains, for example, 
have as their summit layers some three thousand feet of coarse red 
sandstones of this series, whose structure is that of river deposits, and 
whose few fossils are chief!}" of fresh-water types. The Cberiiung is 
therefore composed of delta deposits, more or less worked over by tlie 
sea. The bulk of the Chemung equals that of the Sierra Nevada Moun- 
tains. To furnish this immense volume of sediment a great mountain 
range, or highland, must have been up he awed w'here the Appalaciiian 
lowland long had been. To what height the Devonian nioiintains of 
Appalacliia attained cannot be told from the volume of the sediments 
wasted from them, for they may have risen but little faster than they 
were worn down by denudation. We may infer from the character of 
the waste which they furnished to the Chemung shores that they did 
not reach an Alpine height. The grains of the Chemung sandstones 
are not those wdiich wmild result from mechanical disiutegraTion, as l)y 
frost on high mountain peaks, but are rather those which would be left 
from the long chemical decay of siliceous crystalline rocks ; for the more 
soluble minerals are largely wanting. The red cc>lor of much of the 
deposits points to the same conclusion. Eed residutd. clays accumulated 
on the mountain sides and upland summits, and were waslied as ocherous 
silt to mingle with the delta sands. The iron-bearing igneous rocks 
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of the oldland also contributed by their decay iron in solution o le 
rivers, to be deposited in films of iron oxide about the quartz grains 

the Chemung sandstones, giving them their reddish tints. 

Life of the Devonian 

Plants. The lands were probably clad with verdure dmang 
Sita»B times, il BOt still earlier ; for some ^ 

and Other lowly types of vegetation have been tc^und i 
strata of that system. But it is in the Devonian that iie dis 
cover for the first time the remains of extensive ami luxuriant 
forests. Tills rich flora reached its climax in the CarhonifeumB, 
and it will be more convenient to describe its variec ypes in 

Rhizocirpf In the shales of the Devonian are found micro- 
scopic spores of rhizocarps in such countless numbers that their 
CS^Lst be rechoned in hundreds of ^ 
would seem that these aquatic plants culminated in ^ 

Id in widely distant portions of the earth swampy flats and 
fallow lagoons were filled with vegetation °“his humme type, 
either c^rowing from the bottom or floatmg free upon the su 
fecr It il to the resinous spores of the rhizocarps that 

.Bd — ‘it 

...v, B^mBfafea fm 

the reservoirs of overlying porous sandstones ^ ^ 

of the invertebrates with the briefest notice. U am oo ah 

became extinct at the close of the Silurian, but othe oi^ 

were extremely common in 

places corals formed thhi 

where the hardness of the reef rock is one o 

■"^1pong^! echLlerms, brachiopods, and -oil" 
dant The cephalopods take a new departure. So fai m 
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tlieir various foims, whether straight, as the Ortlioeeras, or 
curved, or close-coiled as in the nautilus, the septum, or parti- 
tion dividing the chambers, met the inner shell along a simple 
line, like that of the rim of a saucer. There now begins a 

growth of the septum by which its 
edges become sharply corrugated, and 
the suture, or line of juncture of the 
septum and the shell, is thus angled, 
group in which this growth of 
njM the septum takes place is called the 
Goniatite (Greek gonia, angle). 

Vertebrates.. It is with the great- 
interest that we turn now to 
study the backboned a,iiiiiials of tlie 
Devonian; for they are believed to 
be the ancestors of tlie liosts of verte- 
brates whicli liave since dominated 
the earth. Their rudimentary structures foresliadowed what 
their descendants were to be, and give some clue to tlie earliest 
A'ertebrates from which they sprang. Like those wiiose remains 
are found in the lower Paleozoic systems, all of 
these Devonian vertebrates were aquatic and go 
under the general designation of fishes. ^ 

The lowest in grade and nearest, perhaps, to the \ 
ancestral type of vertebrates, was the problematic 1 

creature, an inch or so long, of Figure 297. Note I 

the circular mouth not supplied with jaws, the lack 
of paired fins, and the symmetric tail fin, with 
the column of cartilaginous, ringlilve vertebne run- Fkj. 20 T. 
ning through it to the end. The animal is prob- 
ably to be placed with the jawless lampreys and 
hags, — a group too low to be mcluded among true fishes. 

Ostracoderms. This archaic group, long since extinct, is 
also too lowly to lank among the true fishes, for its members 


Fig. 29(;). A Goniatite 
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have iieitlxeiv]\ws nor pa.™^ fins. These small, fish like forms 
were cased in front with bony plates developed in the skin and 
covered in the rear with scales. The skeleton was of gristle and 
the tail was vertebrated and nnsymmetric. 


Eig. 208. An Ostracoderm 

Devonian fishes. The tnie fishes of the Devonian can best 
be understood by reference to their descendants now Imng. 
Modern fishes are dhdded into several groups: sharks and 
their allies; dipnoans; ganoids, such as the sturgeon and gar; 
and teleosts, — most common fishes, such as the perch and cod. 

Sharks. Of all groups of living fishes the sharks are the 
oldest and still retain most fully the embryonic characters of 
their Paleozoic ancestors. Such characters are the cartilaginous 


Eig. 299. A Paleozoic Shark 


skeleton, and the separate gill slits with which the throat wall 
is pierced and which are arranged in line like the gill openhigs 
of the lamprey. The sharks of the Silurian and Devonian are 
known to us cliiefly by their teeth and fin spines, for they were 
unprotected by scales or plates, and were devoid of a bony 
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skeleton. Figure 299 is a restoration of an archaic shark from 
a somewhat higher horizon. Note the seven gill slits and tlie 
lappethke paired fins. These fins seem to be remnants of the 
continuous fold of skin which, as embryology teaches, passed 
from foie to aft down each side of the primitive vertebrate 

Devonian sharks were comparatively small. They had not 
evolved mto the ferocious monsters which were later to be 
masters of the seas. 

Dipnoans, or lung fishes. These are represented to-day by a 
tew peculiar fishes and are distinguished by some high striictines 
which ally them with amphibians. An air sac with cellular 
spaces IS connected with the gullet and serves as a rudimen- 
tary lung. It corresponds with the swim bladder of most mod- 




Fig. 300. A Devonian Dipnoan 

ern fishes, and appears to have had a common origin with it 
We may conceive that the primordial fishes not only had -ills 
used m breathing air dissolved in water, but also developed a 
sachke pouch off the gullet. Tliis sac evolved along two dis- 
mct lines. On the Ime of the ancestry of most modern fishes 
IS duct was closed and it became the swim bladder used in 
flotation and balancing. On another line of descent it was left 
open air was swallowed into it, and it developed into the rudi- 
mentary lung of the dipnoans and mto the more perfect lun^^s 
of the amphibians and other air-breathmg vertebrates. 

One of the ancient dipnoans is illustrated in Figure 300 
borne of the_ members of this order were, like the ostraco- 
derms cased m armor, but their higher rank is shown by their 
powerful jaws and by other structures. Some of these amored 
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fislies reached twenty-five feet in lengtli and six feet across the 
head, ihey were the tyrants of the Devonian seas. 

Ganoids. These take their name from their enameled plates 
or scales of hone. The few genera now surviving are the 
descendants of the tribes which swarmed in the Dev(mian seas. 
A restoration of one of a leadhig order, the fringe- finned 
ganoids, is given in Figure 301. The side fins, wliich ' corre- 
spond to the limbs of the higher vertebrates, are quite unlike 
those of most modern fishes. Their rays, instead of radiating 
from a common base, fringe a central lobe which contains a 


Fig. 301. A Devonian Fringe-Finned Ganoid 

cartHaginous axis. The teeth of the Devonian ganoids show 
a complicated folded structure. 

General characteristics of Devonian fishes. The notochord 
is persistent. The notochord is a continuous rod of cartilage, or 
gristle, which in the embryological growth of vertebrate ani- 
mals supports the spinal nerve cord before the formation of 
the vertebrae. In most modern fishes and in all higher verte- 
brates the notochord is gradually removed as the bodies of the 
vertebra} are formed about it ; but in the Devonian fishes it 
peisists through maturity and the vertebrae remain incomplete. 

The sheleton is cartilaginous. Tliis also is an embryological 
characteristic. In the Devonian fishes the vertebr®, as well as 
the other parts of the skeleton, have not ossified, or changed to 
bone, but remain in their primitive cartilaginous condition. 
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The tail Jin is vertchratecL The backbone runs tliroiigli the 
fin and is fringed above and below -with its vertical rays. In 
some fishes with vertebrated tail fins the fin is symmetric 
(lig. oOO), and this seems to be the primitive type. In others 
the tail fin is unsymmetric: the backbone runs into the upper 
lobe, leaving the two lobes of unequal size. In most modern 

fishes (the teleosts) 
the tail fin is not 
vertebrated: the 
spinal column ends 
in a broad plate, to 
which the diver- 
ging fill rays are 
attached. 

But along with 
these embryonic 
characters, which 
Fig. 802. Vertebrae of Sturgeon in side view A ; common to all 

and vertical transverse section J5, showing Devonian fislies 
Notochord ch, and Neural Canal m f n . . ’ i i ' 

tliere were other 

stiuctures in certain groups which foreshadowed the higher 
structures of the land vertebrates which were yet to come air 
sacs which were to develop into lungs, and cartilaginous axes in 
the side fins which were a prophecy of limbs. The vertebrates 
]iad already advanced far enough to prove the superiority of 
thmr type of structure to all others. Their - internal skeleton 
afforded the best attachment for muscles and enabled them to 
become the largest and most powerful creatures of the time. 
The central nervous system, with the predominance given to the 
ganglia at the fore end of the nerve cord, — the brain, — already 
endowed them with greater energy than the invertebrates ; and, 
still more important, these structures contained the possihilitv 
of development into the more liighly organized land vertebrates 
winch were to rule the earth. 
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Teleosts. The great group of fishes called the teleosts, or those with 
complete bony skeletons, to which most modern fishes belong, may be 
mentioned here, although in the Devonian they had not yet appeared. 
The teleosts are a highly specialized type, adapted most perfectly to their 
aquatic environment. Heavy armor has been discarded, and reliance is 
placed instead on swiftness. The skeleton is completely ossified and 
the notochord removed. The vertebr® have been economically with- 
drawn from the tail, and the cartilaginous axis of the side fins has 
been found unnecessary. The air sac has become a swim bladder. In 
this complete specialization they have long since lost the possibility of 
evolving into higher types. 

It is interesting to note that the modern teleosts in their embryo- 
logical growth pass through the stages which characterized the maturity 
of their Devonian ancestors; their skeleton is cartilaginous and their 
tail fin vertebrated. 
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THE CARBOOTFEEOUS 

The Carboniferous system is so named from the large ainoiiiit 
of coal which it contains. Other systems, from the Devonian 
on, are coal bearing also, but none so richly and to so wide an 
extent. Never before or smce have the peculiar conditions been 
so favorable for the formation of extensive coal deposits. 

With few exceptions the Carboniferous strata rest on those 
of the Devonian without any marked unconformity; the one 
period passed quietly into the other, with no great physical 
disturbances. 

The Carboniferous includes three distinct series. The lower is 
called the Mississippia%, from the outci'op of its formations along 
tlie Mississippi Eiver in central and southern Illmois and the 
adjacent portions of Iowa and Missouri. Tlie middle series is 
called the Pennsylvanian (or Coal Measures), from its wide 
occurrence over Pennsylvania. The upper series is named the 
Permian, from the province of Perm in Eussia. 

The Mississippian series. In the interior the Mississippian 
is composed chiefly of limestones, with some shales, which tell 
of a clear, warm, epicontinental sea swarming with crinoids, 
corals, and shells, and occasionally clouded with silt from the 
land. 

In the eastern region. New York had been added by uplift 
to the Appalachian land wEich now wais united to the northern 
area. From eastern Pennsylvania southward there w^ere laid in a 
subsiding trough, first, thick sandstones (the Pocono Sandstone), 
and later still heavier shales, — the two together reaching the 
thickness of four thousand feet and more. We infer a renewed 
■' . 350 ' 
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uplift of Appalachia similar to that of the later epochs of the 
Devonian, but as much less in amount as the volume of sedi- 
ments is smaller. 


The Pennsylvanian Series 

The Mississippian was brought to an end by a quiet oscilla- 
tion which lifted large areas slightly above the sea, and the 
Pennsylvanian began with a movement in the opposite direction. 
The sea encroached on the new land, and spread far and wide 
a great basal conglomerate and coarse sandstones. On this 
ancient beach deposit a group of strata rests which we must 
how interpret. They consist of alternating shales and sand- 
stones, with here and there a bed of limestone and an occa- 
sional seam of coal. A stratum of fire clay commonly underlies 
a coal seam, and there occur also beds of iron ore. We give 
a typical section, of a very small portion of the series at a local- 
ity in Peiinyslvania. Although some of the minor changes are 
omitted, the section shows the rapid alternation of the strata : 

Feet 

9 Sandstone and shale 25 

8 Limestone 18 

7 Sandstone 10 

6 Coal . 1-6 

5 Shale 0-2 

4 Sandstone 40 

3 Limestone 10 

2 Coal 5-12 

1 Fire clay • 3 

This section shows more coal than is usual ; on the whole, 
coal seams do not take up more than one foot in fifty of the 
Coal Measures. They vary also in thickness more than is seen 
in the section, some exceptional seams reaching the thickness 
of fifty feet. 
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How coal was made. 1. Coal is of vegetable origin. ' Exam- 
ined under the microscope even anthracite, or hard coal, is seen 
to contain carbonized vegetal tissues. There are also all grada- 
tions connecting the hardest anthracite — through semibitumi- 
nous coal, bituminous or soft coal, lignite (an imperfect coal 
in which sometimes woody fibers may be seen little changed) 
— with peat and decaying vegetable tissues. Coal is compressed 
and mineralized vegetal matter. Its varieties depend on the 
perfection to which the peculiar change called bitiiiiiinization 
has been carried, and also, as shown in the table below, on the 
degree to which the volatile substances and water have escaped, 
and on the per cent of carbon remaining. 



Pmt 

Lignite 

Bituminous Coal 

Anthracite 


Dismal Swamp 

Texas 

Penn. 

Perm. 

Moisture . . 

. 78.89 

14.67 

1.3 

2.74 

Yokitile matter 

. 13.84 

37.32 

20.87 

4.25 

Fixed carbon 

. 6.49 

41.07 

67.20 

81.51 

Ash .... 

.78 

6.69 

8.80 

10,87 


2. The vegetable remains associated with coal are those of 
land plants. 

3. Coal accumulated in the presence of water ; for it is only 
when thus protected from the air that vegetal matter is pre- 
served. 

4. The vegetation of coal accumulated for the most part 
where it grew ; it was not generally drifted and deposited by 
waves and currents. Commonly the fire clay beneath the seam 
is penetrated with roots, and the shale above is packed with 
leaves of ferns and other plants as beautifully pressed as in a 
herbarium. There often is associated with the seam a fossil 
forest, with the stumps, which are still standing where they 
grew, their spreading roots, and the soil beneath, all changed to 
stone (Fig. 303). In the Nova Scotia field, out of seventy-six 
distinct coal seams, twenty are underlain by old forest grounds. 
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The presence of fire clay beneath a seam points in the same 
direction. Such underclays withstand intense heat and are used 
in making fire brick, because their alkalies have been removed 
by the long-continued growth of vegetation. 

Fuel coal is also too pure to have been accumulated by 
driftage. In that case we should expect to find it mixed with 
mud, while in fact it often contains no more ash than the 
vegetal matter would furnish from wliich it has been compressed. 


Fig. 303. Fossil Tree Stamps of a Carboniferous Forest, Scotland 

These conditions are fairly met in the great swamps of river 
plains and deltas and of coastal plains, such as the great Dismal 
Swamp, where thousands of generations of forests with their 
undergrowtlis contribute their stems and leaves to form thick 
beds of peat. A coal seam is a fossil peat bed. 

Geographical conditions during the Pennsylvanian. The Car- 
boniferous peat swamps were of vast extent. A map of ^he 
Coal j\Ieasures (Fig. 260) shows that the coal marshes sti^^tblied^ 
with various interruptions of liigher ground and strait^^oE, open 
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water, from eastern Pennsylvania into Alabama, Texas, and 
Kansas. Some individual coal beds may still be traced over a 
thousand sq[uare miles, despite the erosioii v^diich they have 
suffered. It taxes the imagination to conceive that the varied 
region included within these limits was for hundreds of thou- 
sands of years a marshy plain covered with tropical jungles 
such as that pictured m Figure 304. 

On the basis that peat loses four fifths of its bulk in chan- 
ging to coal, we may reckon the thickness of these ancient peat 
beds. Coal seams six and ten feet thick, which are not uncorn- 
nion, represent peat beds thirty and fifty feet in thickness, 
while mammoth coal seams fifty feet thick have been com- 
pressed from peat beds two hundred and fifty feet deep. 

At the same time, the thousands of feet of marine and fresh- 
water sediments, with their repeated alternations of limestones, 
sandstones, and shales, in which the seams of coal occur, prove 
a slow subsidence, with many changes in its rate, with halts 
when the land was at a stillstand, and with occasional move- 
ments upward. 

Wlien subsidence was most rapid and long continued the 
sea encroached far and wide upon the lowlands and covered the 
coal swamps with sands and iiiiids and limy oozes. When sub- 
sidence slackened or ceased the land gained on the sea. Bays 
were barred, and lagoons as they gradually filled with mud 
became marshes. Paver deltas pushed forward, burying wutli 
their silts the sunken peat beds of earlier centuries, and at the 
surface emerged in broad, swampy flats, — like those of the 
deltas of the Mississippi and the Ganges, — which soon were 
covered with luxuriant forests. At times a gentle uplift brought 
to sea level great coastal plains, which for ages remained mantled 
with the jungle, their undeveloped drainage clogged with its 
debris, and were then again submerged. 

Physical geography of the several regions. The Aeadirm 
region lay on the eastern side of the nortliern land, where now 
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are New Brunswick and Nova Scotia, and was an immense 
river delta. Here river deposits rich in coal accumulated to a 
depth of sixteen thousand feet. The area of tliis coal field is 
estimated at about thirty-six thousand square miles. 

The AffoXachian region skirts the Appalachian oldlaiid on 
the west from the southern boundary of New York to northern 
Alabama, extending west into eastern Ohio. The Cmcinnati 
anticline was now a peninsula, and the broad gulf which had lain 
between it and Appalachia was transformed at the beginning of 
the Pennsylvanian into wide marshy plains, now sinking beneath 
the sea and now emerging from it. This area subsided during 
the Carboniferous period to a dej)th of nearly ten thousand feet. 

The Central region lay west of the peninsula of the Cin- 
cinnati anticline, and extended from Indiana west into eastern 
Nebraska, and from central Iowa and Illinois southward about 
the ancient island in Missouri and Arkansas into Oklahonia 
and Texas. On the north the subsidence in this area was com- 
paratively slight, for the Carboniferous strata scarcely exceed 
two thousand feet in thickness. But in Arkansas and Indian 
Territory the downward movement amounted to four and five 
miles, as is proved by shoal water deposits of that immense 
thickness. 

The coal fields of Indiana and Illinois are now^ separated by 
erosion from those lying west of the Mississippi Paver. At the 
south the Appalacliian land seems still to have stretched away 
to the west across Louisiana and Mississippi into Texas, and 
this westward extension formed the southern boundary of the 
coal marshes of the continent. 

The three regions just mentioned include the chief Carbon- 
iferous coal fields of North America. Including a field in central 
Michigan evidently formed in an inclosed basin (Fig. 260), and 
one in Phode Island, the total area of American coal fields has 
been reckoned at not less than two hundred thousand square 
miles. We can hardly estimate the value of these great stores 
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of fossil fuel to an industrial civilization. The forests of the 
coal swamps accumulated in their woody tissues the energy 
which they received from the sun in light and heat, and it is 
this solar energy long stored in coal seams wliieli now forms 
the world’s chief source of power in manufacturing. 

The western area. On the Great Plains beyond the Missouri 
Piiver the Carboniferous strata pass under those of more recent 
systems. Where they reappear, as about dissected mountain 
axes or on stripped plateaus, they consist wholly of marine 
deposits and are devoid of coal. The rich coal fields of the West 
are of later date. 

On the whole the Carboniferous seems to have been a time 
of subsidence in the West. Throughout the period a sea covered 
the Great Basin and the plateaus of the Colorado Paver. At the 
time of the greatest depression the sites of the central chains of 
the Eocldes wmre probably islands, but early in the period they 
may have been connected with the broad lands to the south 
and east. Thousands of feet of Carboniferous sediments were 
deposited where the Sierra Nevada Mountains now stand. 

The Permian. As the Carboniferous period drew toward its 
close the sea gradually withdrew from the eastern part of the 
continent. "Wliere the sea lingered in the deepest troughs, and 
where inclosed basins were cut off from it, the strata of the Per- 
mian were deposited. Such are found in New Brunswick, in 
Pennsylvania and West Virginia, in Texas, and in Xansas. In 
southwestern Kansas extensive Permian beds of rock salt and 
gypsum show that here lay great salt lakes in which these 
minerals were precipitated as their brines grew dense and dried 
away. 

In the southern hemisphere the Permian deposits are so extraordi- 
nary that they deserve a brief notice, although we have so far omitted 
mention of the great events which characterized the evolution of other 
continents than our own. The Permian fauna-fiora of Australia, India, 
South Africa, and the southern part of South America are so similar 
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that the inference is a reasonable one that these widely separated 
regions were then connected together, probably as extensions of a great 
antarctic continent. 

Interbedded with the Permian strata of the first three countries 
named are extensive and thick deposits of a peculiar nature wliich are 
clearly ancient ground moraines. Clays and sand, now hardened to 
firm rock, are inset with unsorted stones of all sizes, which often are 
faceted and scratched. Moreover, these bowlder clays rest on rock 
pavements which are polished and scored with glacial markings. 
Hence toward the close of the Paleozoic the southern lands of the east- 
ern hemisphere were invaded by great glaciers or perhaps by ice sheets 
like that which now shrouds Greenland. 

These Permian ground moraines are not the first traces of the work 
of glaciers met with in the geological record. Similar deposits prove 
glaciation in Norway succeeding the pre-Cainbrian stage of elevation, 
and Cambrian glacial drift has recently been found in China. 

The Appalachian deformation. We have seen that during 
Paleozoic times a long, narrow trough of the sea lay off the 
western coast of the ancient land of Appalachia, where now are 
the Appalachian Mountains. During the long ages of this era 
the trough gradually subsided, although with many stillstaiids 
and with occasional slight oscillations iipv-ard. Meanwhile 
the land lying to the east was gradually uplifted at varying 
rates and with long pauses. The waste of the rising land 
was constantly transferred to the sinldiig marginal sea bottom, 
and on the wdiole the trough was filled with sediments as 
rapidly as it subsided. The sea wms thus kept shallow', and at 
times, especially toward the close of the era, inucli of the area 
w'as upbuilt or raised to low, marshy coastal plains. ^Wieii the 
Carboniferous was ended the w^aste wdiich had been removed 
from the land and laid along its margin in the successive forma- 
tions of the Paleozoic had reached a thickness of betw' eeii tliirty 
and forty thousand feet. 

Both by sedimentation and by subsidence the trough had 
now become a belt of weakness in the crust of the earth. Here 
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the crust was now made of layers to the depth of six or seven 
miles. Ill comparison with the massive crystalline rocks of 
Aj)palachia on the east, the layered rock of the trough was weak 
to resist lateral pressure, as a ream of sheets of paper is weak 
when compared with a solid hoard of the same thickness. It was 
weaker also than the region to the west, since there the sedh 
rneiits w^ere much thinner. Besides, by the long-continued 
depression the strata of the trough had been bent from the 
flat-lying attitude in which they were laid to one in which they 
were less able to resist a horizontal thrust. 

There now occurred one of the critical stages in tlie history 
of the planet, when the crust crumples under its own weight 
and shrinks down upon a nucleus which is diminishing in vol- 
ume and no longer able to support it. Under slow but resist- 
less pressure the strata of the Appalachian trough were thrust 
against the rigid land, and slowly, steadily bent into long folds 
whose axes ran northeast-southwest parallel to the ancient 
coast line. It was on the eastern side next the buttress of the 
land that the deformation was the greatest, and the folds most 
steep and close. In central Pennsylvania and West Virginia the 
folds were for the most part open. South of these states the folds 
were more closely appressed, the strata were much broken, and 
the great thrust faults were formed which have been described 
already (p. 218). In eastern Pennsylvania seams of bituminous, 
coal were altered to anthracite, while outside the region of 
strong deformation, as in western Penny slvania, they remained 
unchanged. An important factor in the deformation was the 
massive limestones of the Cambiian-Ordovician. Because of 
these thick, resistant beds the rocks were bent into wide folds 
and sheared in places with great thrust faults. Had the strata 
been weak shales, an equal pressure would have crushed and 
mashed them. 

Although the great earth folds were slowly raised, and no 
doubt eroded in their rising, they formed in all probability a 
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range or lotty mountains, with a width of from fifty to a hun- 
and twenty-five miles, which stretched from New York 
central Alabama. 

R'rom their bases lowlands extended westward to beyond the 
Missouri Eiver. At the same time ranges were upridged out 
of tldck Paleozoic sediments both in the Bay of Fundy region 
and in the Indian Territory. The eastern portion of the North 
American continent was now well-nigh complete. 

The date of the Appalachian deformation is told in the usual 
way. The Carboniferous strata, nearly two miles tliick, are all 
infolded m the Appalachian ridges, while the next deposits 
found in this region — those of the later portion of the first 
period (the Trias) of the succeeding era — rest unconformably on 
the worn edges of the Appalachian folded strata. The deforma- 
tion therefore took place about the close of the Paleozoic. It 
seems to have begun m the Permian, in eastern Pennsylvania, 
for here the Permian strata are wanting, — and to have con- 

mued into the Trias, whose earlier formations are absent over 
all the area. 

With this wide uplift the subsidence of the sea floor which 
had so long been general in eastern North America came to an 
end. Deposition now gave place to erosion. The sedimentary 
record of the Paleozoic was closed, and after an unknown lapse 
of time, here unrecorded, the annals of the succeeding era were 
written under changed conditions. 

In western North America the closing stages of the Paleozoic 
^ ere marked by important oscillations. The Great Basin, which 
lac ong een a mediterranean sea, tos converted into land 
over western Utah and eastern Nevada, while the waves of the 
laufic lolled across California and western Nevada. 

of Nm+f^r^ Carboniferous strata 

^'Olcanic action was singii- 
dly wanting during the entire period. Even the Appalachian 
eformation was not accompanied by. any volcanic oiLrsts. 
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Life of the Caebonifebous 

Plants. The gloomy forests and dense undergrowths of the 
Carhoniferous jungles would appear unfamiliar to us could we 
see them as they grew, and even a botanist would find many 
of their forms perplexing and hard to classify. None of our 
modern trees would meet the eye. Plants with conspicuous 


Fig. 305. Carboniferous Ferns Fig, 306. Calamites 

flowers of fragrance and beauty were yet to come. Even mosses 
and grasses were still absent. 

Ferns we should recognize at once by their delicate fronds 
with the spore cases underneath, and a botanist would notice 
that certain species belong to families which still exist. As at 
the present, some w’ere lowly herbaceous plants, and some were 
tree ferns, lifting their crown of feathery fronds high in air on 
trunks of wood}^ tissue. 

Dense thickets, like cane or bamboo brakes, were composed 
of tliick clumps of Oalmnites, whose slender, jointed stems shot 
up to a height of forty feet, and at the joints bore slender 
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branches set with whorls of leaves. These were close allies of the 
Equiseta or “ horsetails,” of the present ; but they bore character- 
istics of higher classes in the woody structures of their stems. 

There were also vast monotonous forests, composed chiefly of 
trees belonging to the lycopods, and whose nearest relatives 
to-day are the little club mosses of our eastern woods. Two 



Fig. 307. Lepidodendron 


Fig. 308. Sieillaria 


families of lycopods deserve special mention, — the Lepidoden- 
drons and the Sigillaria. 

The Le'piclodendron, or ''scale tree,” was a gigantic club moss 
fifty and seventy-five feet high, spreading toward the top into 
stout branches, at whose ends were borne cone-shaped spore 
cases. The younger parts of the tree were clothed with stiff* 
needle-shaped leaves, but elsewhere the trunlv and branches 
were marked with scalelike scars, left by the fallen leaves, and 
arranged in spiral rows. 

The SigillciTici, or " seal tree,” was similar to the Lepidoden- 
dion, but its fluted trunk divided into even fewer branches, and 
was dotted with vertical rows of leaf scars, like the impressions 
of a seal. 
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Both Lepidodendron and Sigillaria were anchored by means 
of great cablelike underground steins, which ran to long dis- 
tances through the marshy ground. The trunks of hoth'^trees 
had a thick woody rind, mclosing loose cellular tissue and a 
pith. Their hollow stumps, filled with sand and mud, are com- 
mon in the Coal Measures, and in them one sometimes finds 
leaves and stems, land shells, and the bones of little reptiles of 
the time which made their home there. 

It is important to note that some of these gigantic lycopods, 
which are classed with the cryptoga/nis, or flowerless plants, had 
pith and medullary rays dividing their cylmders into woody 
wedges. These characters connect them with the phaneroijams, 
or flow'ering plants. Like so many of tlie organisms of the 
remote past, they were connecting types from wdiicli groups 
now widely separated have diverged. 

&y mnospierms, akin to the cycads, were also present in the 
Carboniferous forests. Such were the different species of Cot- 
dciites, trees pyramidal in shape, with strapvshaped leaves and 
iiutlike fruit. Other gymnosperms were related to the yews, 
and it was by these that many of the fossil nuts found in the 
Coal Measures were borne. It is thought by some that the 
gymnosperms had their station on the drier plams and higher 
lands. 


The Carboniferous jungles extended over parts of Europe 


and of Asia, as well as eastern North America, and readied 
from the equator to within nine degrees of the north pole. 
Even in these widely separated regions the genera and species 
of coal pilants are close akhi and often identical. 

Invertebrates. Among the echinoderms, crinoids are now 
exceedingly abundant, sea urchins are more plentiful, and sea 
cucumbers are found now for the first time. Triloliites are 
rapidly declining, and pass away forever with the close of the 
period. Eurypterids are common ; stinging scoiqiions are abun- 
dant; and here occur the first-known spiders. 
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We have seen that the arthropods were the first of all 
animals to conquer the realm of the air, the earliest insects 
aj)pearing m the Ordovician. Insects had now become exceed- 
ingly abundant, and the Carboniferous forests swarmed with 
the ancestral types of dragon flies,— some with a spread of wing 
of more than two feet, — May flies, crickets, and locusts. Cock- 
roaches infested the swamps, and one hundred and thirty-three 

species of this ancient order have 
been discovered in the Carbon- 
iferous of N’orth America. The 
higher flower-loving insects are 
still absent ; the reign of the 




PiCr. S09. Carboniferous Lracliiopods 


A, Produetus; ■«> Spirifer, the_ right-hand figure showing the interior with the 
calcareous spires lor tlie support of the arms 

floweintg plants has not yet begun. The Paleozoic insects were 
geneialized tyj^es conneetmg the present orders. Their fore 
wnigs were still membranous and delicately veined, and used 
_ }ing, they had not yet become thick, and useful only as 
wing covera, as in many of their descendants. 

Devonian types, with the exception 
tliat the strange ostracoderms now had perished. 

Amphibians. The vertebrates had now followed the arthro- 
pods and the mollnsks upon the land, and had evolved a hi^Lr 
}pe adapted, to the new environment. Amphibians — the dass 
to which frogs and salamanders belong — now aimear with 

ungs for breathing air and with limbs for locomotion on the 
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land. Most of the Carboniferous amphibians were shaped like 
the salamander, with weak limbs adapted more for crawling 



Fig. 310. .A Carboniferous Dragon Fly 
One tenth natural size 

than for carrying the body well above the ground. Some leg- 
less, degenerate forms were snakelike in shape. 

The earliest amphibians differ from those of to-day in a 
number of respects. They were connecting 
types linking together fishes, from which 
they were descended, with reptiles, of which 
they were the ancestors. They retained the 
evidence of their close relationship with the 
Devonian fishes in their cold blood, their 
gills and aquatic habit durmg their larval 
stage, their teeth with dentine infolded like 
those of the Devonian ganoids but still 
more intricately, and their biconcave ver- 
tebrae wdiich never completely ossified. 

These, the highest vertebrates of the time, 
had not yet advanced beyond the embry- 
onic stage of the more or less cartilagi- pio. 311. A Carbon- 
nous skeleton and the persistent notochord, iferous Amphibian 




On the other hand, the skull of the Carboniferous amphibians 
was made of close-set bony plates, like the skull of the reptile. 



I* la. 31S. Skull of a Permian Amphibian 
from Texas 


Fia. 314. Skull of a 
FroEf 


Life of the Permian. The close of the Paleozoic was, as we 
have seen, a time of marked physical changes. The upridging 
of the Appalachians had begun and a wide continental uplift — 
proved by the absence of Permian deposits over large areas 
where sedimentation had gone on before — opened new lands 


xauAici LiicUi ilivc; LlLUl 


with its open spaces (Eigs. 313 
and 314). Unlike modern amphib- 
ians; with their slimy skin, the 
Carboniferous amphibians wore an 
armor of bony scales over the 
ventral surface and sometimes over 
the back as well. 

It is interesting to notice from the 
footprints and skeletons of these earliest- 
luu. 312. Transveree Section of known vertebrateis of the land what was 
Segment ot Tooth of Ancient , t v 

Amphibian * piimilne number of digits, llie 

Carboniferous amphibians had five-toed 
feet, the primitive type of foot, from which their descendants of higher 

orders, with a smaller number of digits, have diverged. 

The Carboniferous was the age of lycopods and amphibians, 
as the Devonian had been the age of liiizocarps and fishes. 
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for settlement to liordes of air-breatliing animals. Clianges of 
climate coinpelled extensive migrations, and the fauna of differ- 
ent regions were thus brought into conflict. The Permian was 
a time of pronounced changes in plant and animal life, and a 
transitional period between two great eras. The somber forests 
of the earlier Carboniferous, with their gigantic club mosses, 
were now replaced by forests of cycads, tree ferns, and conifers. 
Even in the lower Permian the Lepidodendron and Sigillaria 
were very rare, and before the end of the epoch they and the 
Calamites also had become extinct. Gradually the anticpie 
types of the Paleozoic fauna died out, and in the Permian 
rocks are found the last survivors of the cystoid, the trilobite, 
and the eurypterid, and of many long-lived families of brach- 
iopods, mollusks, and other invertebrates. The venerable Or- 
thoceras and the Goniatite linger on through the epocli and into 
the first period of the succeeding era. Forerunners of the great 
ammonite family of cephalopod mollusks now appear. The 
antique forms of the earlier Carboniferous amphibians continue, 
but with many new genera and a marked increase in size. 

A long forward step had now been taken in the evolution 
of the vertebrates. A new and higher type, the reptiles, had 
appeared, and in such numbers and variety are they found in 
the Permian strata that their advent may well have occurred in 
a still earlier epoch. It will be most convenient to describe the 
Permian reptiles along with their descendants of the Mesozoic. 
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THE MESOZOIC 

Witli the close of the Permian the world of animal and 
vegetal )le life had so changed that the line is drawn here which 
marks the end of the old order and the beginniog of the new and 
separates the Paleozoic from the succeeding era, — the Mes- 
ozoic, tlie Middle Age of geological history. Although the 
Mesozoic era is shorter than the Paleozoic, as measured 1:)y the 
thickness of their strata, yet its duration must be reckoned in 
millions of years. Its 23redominaiit life features are the culmi- 
nation and the beginning of the decline of reptiles, amphibians, 
cephalopod mollusks, and cycads, and the advent of marsupial 
mammals, birds, teleost fishes, and angiospermous plants. The 
leading events of the long ages of the era we can sketch only 
in the most summary way. 

The Mesozoic comprises three systems, — the Triassie^ named 
from its threefold division in Germany ; the Jurassic, whicli is 
well displayed in the Jura Mountains ; and the Cretaceous, which 
contains the extensive chalk (Latin, creta) deposits of Europe. 

In eastern North America the Mesozoic rocks are much less impor- 
tant tlian tlie Paleozoic, for much of this portion of the continent was 
land during the klesozoic era, and the area of the Mesozoic rocks is 
small In western North America, on the other hand, the strata of the 
Mesozoic — and of the Cenozoic also — are widely spread. The Paleo- 
zoic rocks are buried quite generally from view except where the moun- 
tain makings and continental uplifts of tlie Mesozoic and Cenozoic 
have allowed profound erosion to bring them to light, as in deep can- 
yons and about mountain axes. The record of many of the most impor- 
tant events in the development of the continent during the Mesozoic 
and Cenozoic eras is found in the rocks of our western states. 
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The Teiassic and Jurassic 

Eastern North America. The sedimentary record interrupted 
by the Appalachian deformation was not renewed in eastern 
North America until late in the Triassie. Hence during tliis 
long interval the land stood high, the coast was farther out than 
now, and over our Atlantic states geological time was recorded 
chiefly in erosion forms of lull and plain which have long since 
vanished. The area of the later Triassie rocks of this region, 
which take up again the geological record, is seen in the map 
of Figure 260. They lie on the upturned and eroded edges of 
the older rocks and occupy long troughs running for the most 
part parallel to the Atlantic coast. Evidently subsidence was in 
progress where these rocks were deposited. The eastern border 
of Apimlachia was now depressed. The oldland was warping, 
and long belts of country lying parallel to the shore subsided, 
forming troughs in which thousands of feet of sediment now 
gathered. 

These Triassie rocks, which are chiefly sandstones, hold no 
marine fossils, and hence were not laid in open arms of the sea. 
But their layers are often ripple-marked, and contain many 
tracks of reptiles, imprints of raindrops, and some fossil wood, 
while an occasional bed of shale is filled with the remains of 
fishes. We may conceive, then, of the Connecticut valley and 
the larger trough to the southwest as basms gradually sinking 
at a rate perhaps no faster than that of the New Jersey coast 
to-day, and as gradually aggi'aded by streams from the neigh- 
boring uplands. Their broad, sandy flats were overflowed by 
wandering streams, and when subsidence gained on deposition 
shallow lakes overspread the alluvial plains. Perhaps now and 
then the basins became long, brackish estuaries, whose low shores 
were swept by the incoming tide and were in turn left bare at 
its retreat to receive the rain prints of passing showers and the 
tracks of the troops of reptiles which inhabited these valleys. 
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The Triassic rocks are mainly red sandstones, — of ten feldspathic, 
or arkose, with some conglomerates and shales. Considering the large 
am omit of feldspathic material in these rocks, do you infer that they 
were derived from the adjacent crystalline and metamorphic rocks of 
the oldland of Appalachia, or from the sedimentary Paleozoic rocks 
which had been folded into mountains during the Appalachian defor- 
mation? If from the former, was the drainage of the northern Appa- 
lachian mountain region then, as now, eastward and southeastward 
toward the Atlantic ? The Triassic sandstones are voluminous, measur- 
ing at least a mile in thickness, and are largely of coarse waste. What 
do you infer as to the height of the lands from which the waste w^as 
shed, or the direction of the oscillation which they were then under- 
going ? In the southern basins, as about Richmond, Virginia, are valu- 
able beds of coal; what was the physical geography of these areas wdien 
the coal was being formed ? 

Interbedded with the Triassic sandstones are coiitemp^ora- 
neoiis lava beds which were fed from dikes. Volcanic action, 



Pig. 315. Section of Triassic Sandstones of the Connecticut Valley 
ss, sandstones ; U, lava sheets ; cc, crystalline igneous and metamori^hic rocks 


which had been remarkably absent in eastern N’orth America"^ 
during Paleozoic times, was well-marked in connection with 
the warping now in progress. Thick intrusive sheets have also 
been driven in among the strata, as, for example, the sheet of 
the Palisades of the Hudson, described on page 269. 

The present condition of the Triassic sandstones of the Connecticut 
valley is seen in Figure 315. Were the beds laid in their present atti- 
tude ? What was the nature of the deformation which they have suf- 
fered ? When did the intrusion of lava sheets take place relative to the 
deformation ? What effect have these sheets on the present topography, 
and why ? Assuming that the Triassic deformation went on more rapidly 
than denudation; what was its effect on the topography of the time ? Are 
there any of its results remaining in the topography of to-day? Do the 
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Triassic areas now stand liiglier or lower than the surroimding country, 
and why ? How do the Triassic sandstones and shales compare in hard- 
ness with the igiieons and metainorphic rocks about them? The Jurassic 
strata are wanting over the Triassic areas and over all of eastern North 
America. Was this region land or sea, an area of erosion or sedimenta- 
tion, during the Jurassic period ? In New Jersey, Pennsylvania, and fai'- 
ther southwest the lowest strata of the next period, the Cretaceous, rest 
on the eroded edges of the earlier rocks. The surface on which they lie 
is worn so even that we must believe that at the opening of the Creta- 
ceous the oldland of Appalachia, including the Triassic areas, had been 
baseleveled at least near the coast. When, therefore, did the deformation 
of the Triassic rocks occur ? 

Western North America. Triassic strata infolded in the Sierra 
Nevada Mountains cany marine fossils and reach a thickness of 
nearly five thousand feet. California was then under water, and 
the site of the Sierra was a subsidmg trough slowly filling with 
waste from the Great Basin land to the east. 

Over a long belt which reaches from Wyoining across Colorado into 
New Mexico no Triassic sediments are found, nor is there any evidence 
that they were ever present; hence this area was high land suffering 
erosion during the Triassic. On each side of it, in eastern Colorado 
and about the Black Hills, in western Texas, in Utah, over the site of 
the Wasatch Mountains, and southward into Arizona over the plateaus 
trenched by the Colorado River, are large areas of Triassic rocks, sand- 
stones chiefly, with some rock salt and gypsum. Fossils are very rare 
and none of them marine. Here, then, lay broad shallow lakes often 
salt, and w^arped basins, in which the waste of the adjacent uplands 
gathered. To this system belong the sandstones of the Garden of the 
Gods in Colorado, which later earth movements have uj^turned with 
the uplifted mountain flanks. 


Tlie Jurassic was marked with varied oscillations and wide 
changes in the outline of sea and land. 

Jurassic shales of immense thickness — now metamorphosed 
into slates — are found infolded into the Sierra Nevada Moun- 
tains. Hence during Jurassic times the Sierra trough continued 
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to subside, and enormous deposits of mud were washed into it 
from the land lymg to the east. Contemporaneous lava flows 
interbedded with the strata show that volcanic action accom- 
panied the down warp, and that molten rock was driven upward 
through Assures in the crust and outspread over the sea floor in 
sheets of lava. 

The Sierra deformation. Ever since the middle of the Silu- 
rian, the Sierra trough had been sinking, though no doubt 
with halts and interruptions, until it contained iiearlv twenty- 
five thousand feet of sediment. At the close of the Jurassic it 
yielded to lateral pressure and the vast pile of strata was crum- 
pled and upheaved into towering mountains. The Mesozoic 
muds were hardened and squeezed into slates. The rocks were 
wrenched and broken, and underground waters began the work 
of filling their fissures with gold-bearing quartz, winch was yet to 




changes in the outlines of sea and land. 


wait millions of years before the arrival of man to mure it. Im- 
mense bodies of molten rock were mtruded into the crust as it suf- 
fered deformation, and these appear in the large areas of granite 
which the later denudation of the range has brought to light. 

The same movements probably uplifted the rocks of the 
Coast Eange in a chain of islands. The whole western part of 
the continent was raised and its seas and lakes were for the 
most part drained away. 

The British Isles. The Triassic strata of the British Isles are conti- 
nental, and include breccia beds of cemented talus, deposits of salt and 
gypsum, and sandstones whose rounded and polished grains are those 
of the wind-blown sands of deserts. In Triassic times the British Isles 
were part of a desert extending over much of northwestern Europe. 


The Cretaceous 


The third great system of the Mesozoic includes many forma- 
tions, marine and continental, which record a long and compli- 
cated history marked by great oscillations of the crust and wide 


THE MESOZOIC 


373 


Early Cretaceous. In eastern Hortli America the lowest Cretaceous | 

series comprises fresh-water formations which are traced from Nantucket i 

across Martha’s Yineyard and Long Island, and through New Jersey j 

southward into Georgia. They rest un conformably on the Triassic | 

sandstones and the older rocks of the region. The Atlantic shore line | 

was still farther out tlian now in the northern states. Again, as during 
the Triassic, a warping of the crust formed a long trough parallel to the 
coast and to the Appalachian ridges, but cut off from the sea ; and 
here the continental deposits of the early Cretaceous were laid. 

Along the Gulf of Mexico the same series was deposited under like 
conditions OA^er the area known as the Mississippi embayment, reaching 
from Georgia northwestward into Tennessee and thence across into 
Arkansas and soutlnYard into Texas. 

In the Southwest the subsidence continued until the transgressing 
sea covered most of Mexico and Texas and extended a gulf northward 
into Kansas. In its warm and quiet waters limestones accumulated to 
a depth of from one thousand to fiA’e thousand feet in Texas, and of 
more than ten thousand feet in Mexico. IMeanwhile the lowlands, where 
the Great Plains are noAV, received continental deposits ; coal swamps 
stretched from western Montana into British Columbia. 

The Middle Cretaceous. This was a land epoch. The early Cretaceous 
sea retired from Texas and Mexico, for its sediments are overlain 
unconforniably by formations of the Upper Cretaceous. So long was 
the time gap between the Uyo series that no species found in the one 
occurs in the other. 

The Upper Cretaceous. There now began one of the most 
remarkable events hi all geological history, — the great Creta- 
ceous subsidence. Its earlier warphigs were recorded in conti- 
nental deposits, — wide sheets of sandstone, shale, and some 
coal, — which were spread from Texas to British Columbia. 

These continental deposits are overlain by a succession of marine 
formations whose vast area is shown on the map, Bigure 260. We 
may infer that as the depression of the continent continued the sea 
came in far and wide over the coast lands and the plains worn 
low during the previous epxjchs. Upiper Cretaceous formations 
show that south of New England the waters of the Atlantic 
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At this epoch a wide sea, interrupted by various islands, stretched 
across Eurasia from Wales and western Spain to China, and spread 
^ _ southward over much of the Sahara. To the west its waters were clear 
and on its floor the crumbled remains of foramiiiifers gathered in 
heavy accumulations of calcareous ooze, — the white chalk of France 
and England. Sea urchins were also abundant, and sponges contributed 
their spicules to form nodules of flint. \ 

The Laramie. The closing stage of the Cretaceous was marked in 
North America by a slow uplift of the land. As the interior sea gradu- 
ally withdrew^, the warping basins of its floor were filled with waste 
from the rising lands about them, and over this wide area there w^ere 
spread continental deposits in fresh-water lakes like the Great Lakes of 
the present, in brackish estuaries, and in river plains, wdiile occasional 
^ oscillations now and again let in the sea. There w^ere vast marshes in 
which there accumulated the larger part of the valuable coal seams of 
the West. The Laramie is the coal-bearing series of the West, as tlie 
Pennsylvanian is of the eastern part of our country. 

The Rocky Mountain deformation. At the close of the Cre- 
taceous we enter iifDon an epoch of mountain-making far more 
^ extensive than any which the continent had witnessed. The 
* long belt lying west of the ancient axes of the Colorado Islands 
and east of the Great Basin land had been an area of deposition 
for many ages, and in its subsiding troughs Paleozoic and Meso- 
zoic sediments had gathered to the depth of many thousand 
feet. And now from Mexico well-nigh to -the Arctic Ocean this 
belt yielded to lateral pressure. The Cretaceous limestones of 
Mexico were folded into lofty mountains. A massive range was 
upfolded where the Wasatch Mountains now are, and various 
ranges of the Eockies in Colorado and other states were upiidged. 

However slowly these deformations were effected they were no 
doubt accompanied by world-shaking earthquakes, and it is 
r known that volcanic eruptions took place on a magnificent 
scale. Outflows of lava occurred along the Wasatch, the lacco- 
liths of the Henry Mountains (p. 271) were formed, while the 
great masses of igneous rock which constitute the cores of the 
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Spanish Peaks (p. 271) and other western mountains were thrust 
up amid the strata. The high plateaus from which iiiaiiy of 
these ranges rise had not yet been uplifted, and the bases of the 
mountains probably stood near the level of the sea. 

17orth America was now well-nigh completed. The medi- 
terranean seas which so often had occupied the heart of the 
land were done away with, and the continent stretched unbroken 
from the foot of the Sierras on the west to the Fall Line of the 
Atlantic coastal plain on the east. 

The Mesozoic peneplain. The immense thickness of the Mes- 
ozoic formations conveys to our minds some idea of the vast 
length of time involved in the slow progress of its successive 
ages. The same lesson is taught as plainly by the amount of 
denudation which the lands suffered during the era. 

The beginning of the Mesozoic saw a system of lofty mountain 
ranges stretching from New York into central Alabama. The 
end of this long era found here a wide peneplain crossed by 
sluggish wandering rivers and overlooked by detached hills as 
yet unreduced to the general level. The Mesozoic era was long 
enough for the Appalachian Mountains, upridged at its begin- 
ning, to have been weathered and worn away and carried grain 
by grain to the sea. The same plain extended over southern 
New England. The Taconic range, uplifted partially at least at 
tlie close of the Ordovician, and the block mountains of the 
Triassic, together with the ]Dre-Cambrian mountains of ancient 
Appalachia, had now all been worn to a common level with the 
Allegheny ranges. The Mesozoic peneplain has been iipwvarped 
by later crustal movements and has suffered profound erosion, but 
the remnants of it which remain on the upland of southern New 
England and the even summits of the Allegheny ridges suffice 
to prove that it once existed. The age of tlie Mesozoic peneplain 
is determined from the fact that the lower Tertiary sediments 
were deposited on its even surface when at the close of the era 
the peneplain was depressed, along its edges beneath the sea. 
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Life of the Mesozoic 


Plant life of tlie Triassic and Jurassic. The Carboniferous 
forests of lepidodendrons and sigillarids had now vanished 
from the earth. The uplands were clothed with conifers, like 
the Araucarian pines of South America and Australia. Dense 
forests of tree ferns throve in moist regions, and canebrakes of 
horsetails of modern type, but with stems reaching four inches 
in thickness, bordered the lagoons and marshes. Cycads were 


Eig. 318. A Living Cycad of Fig. 319. Stem of a Mesozoic 

Australia Cycad 

exceedingly abundant. These gy miiosperms, related to the pines 
and spruces in structure and fruitmg, but palmlike in their foli- 
age, and uncoiling their long leaves after the manner of ferns, 
culminated in the Jurassic. From tlie view point of the bota- 
nist the Mesozoic is the Age of Cycads, and after this era they 
gradually decline to the small number of species now existmg in 
tropical latitudes. 

Plant life of the Cretaceous. In the Lo%oer Cretaceous the 
woodlands continued of much the same type as during the 
Jurassic. The forerunners now appeared of the modern dicotyls 
(plants with two seed leaves), and in the Middle Cretaceous the 
nionocotyledonous group of palms came in. Palms are so lil^e 
cycads that we may regard them as the descendants of some 
cycad type. 
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111 the Upper Cretaceous, oj cads become rare. The highest 
types of flowering plants gain a coniplete ascendency, and 
forests of modern aspect cover the continent from the Gulf of 
Mexico to the Arctic Ocean. Among the kinds of forest trees 
whose remains are found in the continental deposits of the 
Cretaceous are the magnolia, the myrtle, the laurel, the fig, 
the tulip tree, the chestnut, the oak, beech, elm, poplar, wil- 
low, birch, and maple. Forests of Eucalyptus grew along the 
coast of New Engiand, and palms on the Pacific shores of 
British Columbia. Secpioias of many varieties ranged far into 
northern Canada. In northern Greenland there were luxuriant 
forests of magnolias, figs, and cycads ; and a similar flora has 
been disinterred from the Cretaceous rocks of Alaska and Spitz- 
bergen. Evidently the lands within the Arctic Circle enjoyed a 
warm and genial climate, as they had done during the Paleozoic. 

: Greenland had the temperature of Cuba and southern Florida, 
and the time was yet far distant when it wars to be wrapped in 
glacier ice. 

Invertebrates. During the long succession of the ages of the 
Mesozoic, with their vast geographical changes, there were many 

and great changes 
in organisms. Spe- 
cies were replaced 
again and again by 
others better fitted 
to the changing en- 


^ ^ vironment. During 

r iG. t320. A Jurassic Long-Tailed Crustacean , i -r 

the Lower Creta- 
ceous alone there were no less than six successive changes in 
the fauna-s which inhabited the limestone-making sea wdiich 
then covered Texas. We shall disregard these changes for the 
most part in describing the life of the era, and shall confine 
our view to some of the most important advances made in the 
leading types. 
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Stromatopora have disappeared. Protozoans and sponges are 
exceedingly abundant, and all contribute to the making of 
Mesozoic strata. Corals 
have assumed a more 
Ill 0 d e r n type. Sea 
urchins have become 

plentiful; crinoids "I"!"- 

abound until the Cre- ^ 

taceous, wliere they 

begin their decline to ~ '■" 

their present humble y |4 ^ ''d 

station. \ j ; i 

Trilobites and euryp- 

. . T . Fig. 321. A Fossil Crab 

Mends are gone, ien- 

footed crustaceans abound of the primitive long-tailed type 
(represented by the lobster and the crayfish), and in the Jurassic 
there appears the modern sliort-tailed type represented by the 
crabs. The latter type is higher in organ- 
izatioii and now far more common. In 
its embryological development it passes 


Fig. 321. A Fossil Crab 
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Fig. 322. Cretaceous Mollusks 
A, Ostrea (oyster) ; -B, Exogyra; C, Grypiisea 

through the long-tailed stage; connecting links in the Meso- 
zoic also indicate that the younger type is the offshoot of 
the older. 
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Insects evolve along diverse lines, giving rise to beetles, ants, 
bees, and flies. 

Bracliiopods have dwindled greatly in the number of their 
species, while inolluslvs have correspondingly increased. The 
great oyster family dates from here. 

Gephalopods are now to have their day. The archaic Or- 
thoceras lingers on into the Triassic and becomes extiiict, but a 
remarkable development is now at hand for tlie more liiglily 



A portion of the shell is removed to sliow 
frilling of suture 

sutures of some of the chambered shells become angled, evolv- 
ing the Goniatite type (p. 344). The sutures now become lobed 
and cornigatecl in Geraiites. The process was carried still farther, 
and the sutures were dodwrately frilled in the great order of 
the Ammonites (Fig. 324). It was in the Jurassic that the Am- 
monites reached their height. No fossils are more abundant 
or characteristic of them age. Great banks of their- shells formed 
beds of limestone in warm seas the “world over. 
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Fig. 326. Slab of Rock covered with Ammonites, — a Bit of 
a Mesozoic Sea Bottom 


Fig. 326. Representative Species of Different Families 
of Ammonoids 
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The ammonite stem hranclied into a most luxuriant variety 
of forms The typical form was closely coiled like a nautilus 
(Tig. 325). In others (Fig. 326) the coil was more or less open, 
or even erected into a spiral. Some were hook-shaped, and there 
were members of the order in which the shell was straight, and 
yet retained all the hiternal structures of its kind. At the end 
of the Mesozoic the entire tribe of ammomtes became extinct. 

TliG (Greek, belefu'no'ihj a dait) is a 

distinctly higher type of cephalopod which ap- 
peared in the Triassic, became numerous and 
varied in the Jurassic and Cretaceous, and died 
out early in the Tertiary. Like the squids and 
ciittledsh, of which it was the prototype, it had 
an internal calcareous shell (Fig. 327). This 
consisted of a chambered and siphuncled cone 
(Fig. 327, Ph), whose point was sheathed in a 
long solid guard (Fig. 327, P) somewhat like a 
dart. The animal carried an ink sac, and ^no 
doubt used it as that of the modern cuttlefish 
is used, — to darken the water and make easy 
an escape from foes. Belemnites have some- 
times been sketched with fossil sepia, or india 
ink, from their own ink sacs. In the beleimiites 
and their descendants, the squids and cuttle- 
yio. 327. Internal fish, the cephalopods made the radical change 
Shell of Belemnite external to the internal shell. They 

abandoned the defensive system of warfare and boldly took up 
the offensive. No doubt, like their descendants, the belemnites 
were exceedingly active and voracious creatures. 

Fishes and amphibians. In the Triassic and Jurassic, little 
progress was made among the fishes, and the ganoid was still 
the" leading type. In the Cretaceous the teleosts, or bony 
fishes (p. 349), made their appearance, while ganoids declined 
subordinate place. 
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The aiiipliihiaiis culminated in the Triassic, some being formi- 
dable creatures as large as alligators. They were still of the 
primitive Paleozoic types (p. 364). Their pygmy descendants 
of more modern types are not found until later, salamanders 
appearing first in the Cretaceous, and frogs at the beginning of 
the Cenozoic. 

ISTo remains of amphibians have been discovered in the Jurassic. Do 
you infer from this that there were none in existence at that tiine? 


Ile])tile8 of the Mesozoic 


The great order of Eeptiles made its advent in the Permian, 
culmmated in the Triassic and Jurassic, and began to cleclme 
in the Cretaceous. The advance from the amphibian to the 
reptile was a long forward step in the evolution of the verte- 
brates. In the reptile the vertebrate skeleton now became com- 
pletely ossified. Gills were abandoned and breathing was by 
lungs alone. The development of the individual from the egg 
to maturity was uninterrupted by any metamorphosis, such as 
that of the frog when it passes from the tadpole stage. Yet in 
advancing from the amphibian to the reptile the evolution of 
the vertebrate was far from finished. The cold-blooded, clumsy 
and sluggish, small-brained and unintelligent reptile is as far 
inferior to the higher mammals, whose day was still to come, as 
it is superior to the amphibian and the fish. 

The reptiles of the Permian, the earliest known, were much 
like lizards in form of body. Constitutmg a transition type 
between the amphibians on the one hand, and both the 
reptiles and tlie mammals on the other, they retained the 
archaic biconcave vertebim of the fish and in some cases 
persistent notochord, while some of them, the theromorphs, 
possessed characters allying them with mammals. In these the 
skull was remarkably similar to that of the carnivores, or 
eating mammals, and the teeth, unlike the teeth of 
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reptiles, were divisible into incisors, canines, and molars, as are 

tlie teetli of mammals (Fig. 328). ^ 

At the opening of the Mesozoic era reptiles were ^ le mos 
hishly organized and powerful of any animals on the earth. 
New ranges of continental extent were opened to them, food 
was abundant, the climate was congenial, and they now branched 

into very many diverse types 
\vhich occupied and ruled 
all fields, — the laud, the air, 
and the sea. The Mesozoic 
was the Age of Eeptiles. 

The ancestry of surviving 
Fig. 328. Skiillof arermiiiuTIieromoiiJh j-gptilian types. "We will 
consider first the evolution of the few reptilian types which 

have survived to the present. _ 

Crocodiles, the highest of existing reptiles, are a very ancient 
order, dating back to the lower Jurassic, and traceable to earlier 
ancestral, generalized forms, from which sprang several other 

orders also. ^ , 

Turtles and tortoises are not found until the eariy Jurassic, 
when they already possessed the peculiar characteristics wliic i 
set them off so sharply from other reptiles. They seem to have 
lived at first in shallow water and in swamps, and it is not until 
after tlie end of the Mesozoic that some of the order became 
adapted to life on tlie land. 

The largest of all known turtles, Archelon, whose home ivas the 
great interior Cretaceous sea, was fully a dozen feet iii length and must 
have weighed at least two tons. The skull alone is a yard long. 

Lizards and snakes do not appear until after the close of the 
Mesozoic, although their ancestral lines may be followed ].)ack 
into the Cretaceous. 

We will now describe some of the highly specialized oideis 
peculiar to the Mesozoic. 
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Land reptiles. The dmosaurs (terrible reptiles) are an ex- 
tremely varied order which were masters of the land from 
the late Trias until the close of the Mesozoic era. Some 
were far larger than elephants, some were as small as cats; 
some walked on all fours, some were bipedal ; some fed on the 
luxuriant tropical foliage, and others on the flesh of weaker 
reptiles. They may be classed in three divisions,- — the flesh- 
eating cUnosatcrs, the reptile-footed dmosaurs, and the beaked 
dinosaurs, — the latter two divisions being herbivorous. 

The flesh-eating dmosaurs are the oldest known division of 
the order, and their characteristics are shown in Figure 329. 
As a class, reptiles are egg layers (oviparous) ; but some of 
the flesh-eating dinosaurs are known to have been vivip)arous, 
i.e. to have brought forth their young alive. This group was 
the longest-lived of any of the three, beginnuig in the Trias 
and continuing to the close of the Mesozoic era. 




Fig. 329. Ceratosaiiras 


From Animals of the Past, By the Courtesy of McClure, Phillips & Co. 

Contrast the small fore limbs, used only for grasping, with the 
powerful hind limbs on which the 




386 




THE ELEMENTS OF GEOLOGY 



kangaroo fashion. Isfotico the sharp claws, 
the ponderous tail, and tlie skull set at 
right angles with the spinal column. The 
limb bones are hollow. • The ceratosaurs 
reached a length of some fifteen feet, and 
■were not uncommon in Colorado and the 
western lands in Jurassic times. 

The reptile-footed dmoscmrs 
poda) include some of the biggest 
brutes which ever trod the ground. 
One of the largest, whose remains are 
found entombed in the Jurassic rocks 
of Wyoming and Colorado, is shown 
in Figure 330. 

Note the five digits on the hind feet, 
the quadrupedal gait, the enormous stretch 
of neck and tail, the small head aligned 
with the vertebral column. Diplodocus wuis 
fully sixty-five feet long and must have 
w’eighed about twenty tons. 1 he thigh 
bones® of the Sauropoda are the largest 
bones which ever grew. That of a genus 
allied to the Diplodocus measures six feet 
and eight inches, and the total length of 
the animal must have been not far from 
eighty feet, the largest land animal known. 

The Sauropoda became extinct 
when their haiiiits along the rivers 
and lakes of the western plains of 
Jurassic times were invaded by the 
Cretaceous interior sea. 

The leaked dmosaurs (Predent ata) 
were distinguished by a beak sheathed 
with horn carried in front of the tooth- 
set law, and used, we may iniagine, in 
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stripping tlie leaves and twigs of trees and slirub^ We may 
notifee only two of the most interesting types. 

Stegosciurus (plated reptile) takes its name from the double row of 
bony plates arranged along its back. The powerful tail was armed 
with long spines, and the thick skin was defended with irregular bits 
of bone implanted in it. The brain of the stegosaur was smaller than 
that of any land vertebrate, while in the sacrum the nerve canal was 
enlarged to ten times the capacity of the brain cavity of the skull. 
Despite their feeble wits, this well-armored family lived on through 







Fig. S31. Stegosauru s 

millions of years which intervened between their appearance, at the 
opening of the Jurassic, and the close of the Cretaceous, when they 
became extinct. 

A less stupid brute than the stegosaur \\as Triceratojis, the dinosaur 
of the three horns, — one horn carried on the nose, and a massive pair 
set over the eyes (Fig. 332). Note the enormous Avedge-shaped skull, 
with its sharp beak, and the hood behind resembling a fireman’s helmet. 
Triceratops was fully twenty-five feet long, and of twice the bulk of an 
elephant. The family appeared in the Upper Cretaceous and hecaipe 
extinct at its close. Their bones are found buried in the fiesh-wat^r , ' 

deposits of the time from Colorado to Montana and eastward. to ^ 
Dakotas. , 



Fig. 332. Kestoration of Triceratops 
By the courtesy of the Ainerieaii Miiseuui of Natural History 
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Marine reptiles. In the ocean, reptiles occupied the place 
now held hy the aquatic niammals, such as whales and dol- 
phins, and their form and structure were similarly modified to 
suit their environment. In the (fish reptile), for 


Fig. 383. Icbtliyosaurus 


example, the body was iishlike in form, wuth short neck and 
large, pointed head (Fig. 333), 

A powerful tail, whose flukes were set vertical, and the lower one of 
which "was vertebrated, served as propeller, while a large dorsal fin was 
developed as a cutwater. The primitive biconcave vertebne of tlie fish 


Fig. 33 4. Plesiosaurus 

and of the early land vertebrates were retained, and the limbs degen- 
erated into short paddles. The skin of the ichthyosaur was smooth 
like that of a whale, and its food was largely fish and cephalopods, as 
the fossil contents of its stomach prove. 

ThCvse sea monsters disported along the Pacific shore over 
northern California in Triassic times, and the bones of toothless 
members of the family occur in the Jurassic strata of Wyoming. 
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Like whales and seals, the ichthyosaurs were descended from 
land vertebrates which had become adapted to a marine habitat. . 

Plesiosaurs were another order which ranged throughout 



the Meso^zoic. Descended from small amphibious animals, they 

j later included great 

marine reptiles, 
// characterized in the 
'y'y typical genus by 
/' neck, snakelike 

head, and^ iminense 

Ulterior sea o/wst- 
/ North America. 

/ - Mosascmrs belong 

M r snakes and 

' lizards, and are an 

snakelike' creatures 

, — which measured 

‘ as much as forty- 

UiG. 336. Restoration of a Mosasanr length 

. , r r, . T. 4 . 1 , , -t- c,. — abounded in the 

From Animals of the Past. By the courtesy ot 

McClure, Phillips & Co. C r 6 1 a C e 0 ll S S e a S. 
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tlie lower jaw of the mosasaxir by extending the arms, clasping the 
hands, and bending the elbows. 

Flying reptiles. The atmosphere, which had hitherto been 
tenanted only by insects, was first conquered by the verte- 

b rates in the 
Mesozoic. Pier- 
os attrs, winged 
reptiles, whose 
whole organism 
was adapted for 
flight through the 
air, appeared in 
the Jurassic and passed off the stage of existence before the 
end of the Cretaceous. The bones were hollow, as are those of 
birds. The sternum, or breastbone, was given a keel for the 
attachment of the wing muscles. The fifth finger, prodigiously 



Fig. 337. Skeletons of the Pterosaur Ornithostoma, 
and of the Condor, B 

After Lucas 



lengthened, was turned backward to support a membrane which 
was attached to the body and extended to the base of the tail. 
The other fingers were free, and armed with sharp and delicate 
claws, as shown in Figures 336 and 337. 







Birds. The earliest-known birds are found in tlie Jurassic, 
and during the remainder of the Mesozoic they contended with 
the flying reptiles for the empire of the air. The first feathered 


These “ dragons of the air’’ varied greatly in size; some were as 
small as sparrows, ■while others surpassed in stretch of wing the largest 
birds of the present day. They may be divided into Wo groups. The 
earliest group comprises genera with jaws set with teeth, and with long 

tails sometimes provided 
with a rudderlike ex- 
pansion at the end. In 
their successors of the 
later group the tail had 
become short, and in 
some of the genera tlie 
teeth had disappeared. 
Among the latest of the- 
flying reptiles w-as Orni- 
thosioma (bird beak), the 
largest creature which 
ever flew, and wliose re- 
mains are imbedded in 
the offshore deposits of 
the Cretaceo us sea which 
held sway over our \vest- 
ern plains. Ornitliosto- 
ma’s spread of wings 
was twenty feet. Its 
bones Avere a maiwel of 
lightness, the entire 
skeleton, even in its pet- 
rified c on d i t i 0 n, n o t 
Aveighing more than five 
or six pounds. The 
sharp beak, a yard long, 
Avas toothless and bird- 
like, as its name sug- 

Fiu. 338. Archajopteryx gests. 
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creatures were very different from the birds of to-day. Their 
characteristics prove them an offshoot of the dinosaur line 
of rei)tiles. Arclimo'pteryx {ancient Urcl) (Fig. 338) exhibits a 
strange mingling of bird and reptile. Like birds, it was fledged 
with perfect feathers, at least on wings and tail, but it retained 
the teeth of the reptile, and its long tail was vertebrated, a pair 
of feathers springing from each joint. Throughout the Jurassic 
and Cretaceous the remains of birds are far less common than 
those of flying reptiles, and strata representing hundreds of 
thousands of years intervene between Archaeopteryx and the 
next birds of which we know, whose skeletons occur in the 
Cretaceous beds of western Kansas. 

Mammals. So far as the entries upon the geological record 
show, mammals made their advent in a very humble way dur- 
ing the Trias. These earliest of vertebrates which suckle their 
young were no bigger than young 
kittens, and their strong affinities 
with the theromorphs suggest that 
their ancestors are to be found 
among some generalized types of 
that order of reptiles. 

During the long ages of the Mesozoic, mammals continued 
small and few, and were completely dominated by the reptiles. 
Their remains are exceedingly rare, and consist of minute scat- 
tered teeth, — with an occasional detached jaw, — which prove 
them to have been flesh or insect eaters. In the same way 
their affinities are seen to be with the low^est of mammals, — 
the monotremes and marsupials. The monotremes, ^ — -such as 
the duckbill mole and the spiny ant-eater of Australia, reproduce 
by means of eggs resembling those of reptiles ; the marsupials, 
such as the opossum and the kangaroo, bring forth their young 
alive, but in a very immature condition, and carry them for 
some time after birth in the marsupium, a pouch on the ventral 
side of the body. 



Fig. 389 . Jawbone of a 
Jurassic Mammal 
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The Cenozoic era. The last stages of the Cretaceous are 
marked by a decadence of the reptiles. By the end of that 
period the reptilian forms characteristic of the time had become 
extinct one after another, leavmg to represent the class only 
the types of reptiles which continue to modern times. The day 



of the ammonite and the belemnite also now drew to a close, 
and only a few of these cephalopods w^ere left to survive the 
period. It is therefore at the close of the Cretaceous that the 
line is drawn which marks the end of the Middle Age of geol- 
ogy and the beginning of the Cenozoic era, the era of modern 
life, — the Age of Mammals. 

In place of the giant reptiles, mammals now become masters 
of the land, appearing first in generalized types which, during 
the long ages of the era, gradually evolve to higher forms, rnore 
specialized and ever more closely resembling the mammals of 
the present. In the atmosphere the flymg dragons of the Meso- 
zoic give place to birds and bats. In the sea, whales, sharks, 
and teleost fishes of modern types rule in the stead of huge 
swimming reptiles. The lownr vertebrates, the invertebrates of 
land and sea, and the ]3lants of field and forest take on a modern 
aspect, and differ little more from those of to-day than the 
plants and animals of different countries now differ from one 
another. From the beginnmg of the Cenozoic era until now 
there is a steadily increasing number of species of animals and 
plants wliich have continued to exist to the present time. 

The Cenozoic era comprises two divisions, — the Tertiarij 
period and tht Quaternary period. 
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In the early days of geology the formations of the entire geological 
record, so far as it was then known, were divided into three groups, — 
the Primary, Secondary (now known as the Mesozoic), and the T'er- 
tiary. When the third group was subdivided into two systems, the term 
Tertiary was retained for the first system of the two, while the term 
Quaternary was used to designate the second. 


Divisions of the Tertiary. The formations of the Tertiary 
are grouped in three divisions, — the Pliocene (more recent), the 
Miocene (less recent), and the Eocene (the dawn of the recent). 

Each of these epochs is long and complex. Their various sub- 
divisions are distinguished each by its own peculiar organisms, 
and the changes of physical geography recorded in their strata. 
In the rapid view which we are compelled to take \ve can note 
only a few of the most conspicuous events of the period. 

Physical geography of the Tertiary in eastern North America. 
The Tertiary rocks of eastern North America are marine de- 
posits and occupy the coastal lowlands of the Atlantic and Gulf 
states (Fig. 260). In New England, Tertiary beds occur on the 
island of Martha’s Vmeyard, but not on the mainland; hence 
the shore line here stood somewhat farther out than now. From 
New Jersey southward the earliest Tertiary sands and clays, still 
^ unconsolidated, leave only a narrow strip of the edge of the 
Cretaceous between them and the Triassic and crystalline rocks 
of the Piedmont oldland ; hence the Atlantic shore here stood 
farther in than now, and at the beginnmg of the period the 
present coastal plain was continental delta. A broad belt of 
Tertiary sea-laid limestones, sandstones, and shales surrounds 
the Gulf of Mexico and extends northward up the Mississippi 
embay rnent to the mouth of the Ohio Eiver ; hence the Gulf 
was then larger than at present, and its waters reached in a 
broad bay far up the Mississipjpi valley. 

Along the Atlantic coast the Mesozoic peneplain may be 
traced shoreward to where it disappears from view beneath 
an unconforinable cover of early Tertiary marine strata. The 
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begiiming of the Tertiary was therefore marked by a subsidence. 
The wide erosion surface which at the close of the Mesozoic 
lay near sea leYel ' where the Appalachian Mountains and their 
neighboring plateaus and uplands now stand was lowered gently 
along its seaward edge beneath the Tertiary Atlantic to receive 
a cover of its sediments. 

As the period progressed slight oscillations occurred from 
time to time. Strips of coastal plain were added to the land, 
and as early as the close of the Miocene the shore lines of the 
Atlantic and Gulf states had reached well-nigh their present 
place. Louisiana and Florida were the last areas to emerge 
wholly from the sea, — Florida being formed by a broad trans- 
verse iipwarp of the continental delta at the opening of the 
Miocene, forming first an island, which afterwards was joined to 
the mainland. 

The Pacific coast. Tertiary deposits with marine fossils 
occur along the western foothills of the Sierra lYevadas, and 
are crumpled among the 'mountain masses of the Coast Eanges ; 
it is hence inferred that the Great Valley of California was 
then a border sea, separated from the ocean by a chain of 
mountainous islands whicli were iipridged into the Coast Eanges 
at a still later time. Tertiary marine strata are spread over 
the lower Columbia valley and that of Puget Sound, showing 
that the Pacific came in broadly there. 

The interior of the western United States. The closing stages 
of the Mesozoic were marked, as we have seen, by the up- 
heaval of the Eocky Mountains and other western ranges. The 
bases of tlie mountains are now skirted by widespread Tertiary 
deposits, which form the highest strata of the lofty plateaus from 
the level of whose summits the mountains rise. Like the re- 
cent alluvium of the Great Valley of California (p. 101), these 
deposits imply low-lying lands when they were laid, and there- 
fore at that time the mountains rose from near sea level. 
But the height at which the Tertiary strata now stand — five 
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tliousaiiGl feet above the sea at Denver, and twice that height in 
the plateaus of southern Utah — pi^oves that the plateaus of 
which the Tertiary strata form a part have been ujjlifted during 
the Genozoic. During their uplift, warping formed extensive 
basins both east and west of the Eockies, and in these basins 
stream-swept and lake-laid waste gathered to depths of liun- 





The Bad Lands. In several of the western states large areas of Ter- 
tiary fresh-water deposits have been dissected to a. maze of hills whose 
steep sides are cut with innumerable ravines. The deposits of these 
ancient river plains and lake beds are little cemented and because of 
the dryness of the climate are unprotected by vegetation ; hence they 
are easily carved by the wet-weather rills of scanty and infrequent rains. 
These waterless, rugged surfaces were named by the early French 
explorers iheBcid Lands because they were found so diiTictilt to traverse. 
The strata of the Bad Lands contain vast numbers of tlie remains of the 
animals of Tertiary times, and the large amount of barren surface 
exposed to view makes search for fossils easy and fruitful. These 
desolate tracts are therefore frequently visited by scientific collecting 
expeditions. 


Mountain making in the Tertiary. The Tertiary 
included epochs when the earth’s crust wa>s singularly unquiet. 
From time to time on all the continents subterranean forces 
gathered head, and the crust was l^ent and broken and upaidged 
ill lofty inountains. 

The Sierra Nevada range was formed, as we have seen, by 
strata crumpling at the end of the Jurassic. But since that 
remote time the upfolded mountains had been worn to pdains 
and hilly updands, the remnants of whose uplifted erosion 


dreds and thousands of feet, as it is accumulating at piresent in 
the Great Valley of California and on the river pJains of Turkes- 
tan, (p. 103). The Tertiary river deposits of the High Flams 
have already been described (p. 100). How widespread are 
tliese ancient river plains and beds of fresh-water lakes may be 
seen in the map of Figure 260. 
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surfaces may now be traced along the western mountain slopes. 
Beginning late in the Tertiary, the region was again affected by 
mountain-making movements. A series of displacements along 
a profound fault on the eastern side tilted the enormous earth 
block of the Sierras to the west, liftmg its eastern edge to form 
the lofty crest and giving to the range a steep eastern front and 
a gentle descent toward the Pacific. 

The Coast Ranges also have had a complex history with many vicis- 
situdes. The earliest foldings of their strata belong to the close of the 
Jurassic, but it was not until the end of the Miocene that the line of 
mountainous islands and the heavy sediments wdiich had been deposited 
on their submerged flanks were crushed into a continuous mountain 
chain. Thick Pliocene beds upon their sides prove that they were 
depressed to near sea level during the later Tertiary. At the close of 
the Pliocene the Coast Ranges rose along with the upheaval of the 
Sierra, and their gradual uplift has continued to the present time. 

The numerous north-south ranges of the Great Basin and the Mount 
Saint Elias range of Alaska were also xiptilted during the Tertiary. 



During the Tertiary period many of the loftiest mountains 
of the earth — the Alps, the Apennines, the Pyrenees, the 
Atlas, the Caucasus, and the Himalayas — received the uplift 
to which they owe most of their colossal bulk and height, as 
portions of the Tertiary sea beds now found liigh upon their 
flanks attest. In the Himalayas, Tertiary marine limestones 
occur sixteen thousand five hundred feet above sea level. 


Volcanic activity in the Tertiary. The vast deformations of 
the Tertiary were accompanied on a corresponding scale by out- 
pourings of lava, the outburst of volcanoes, and the intrusion of 
molten masses within the crust. In the Sierra Hevadas the 
Miocene river gravels of the valleys of the western slope, with 
their pilacer deposits of gold, were buried beneath streams of 
lava and beds of tuff (Fig. 258). Volcanoes broke forth along 
the Pocky Mountains and on the plateaus of Utah, New Mexico, 
and Arizona. 




Mount Sliasta and the immense volcanic piles of the Cascades 
date from this period. The mountain basin of the Yellowstone 
Park was filled to a depth of several thousand feet with tuffs 
and lavas, the oldest dating as far back as the beginning of the 
Tertiary. Crandall volcano (p. 263) was reared in the Miocene 
and the latest eruptions of the Park are far more recent. 

The Columbia and Snake River lavas. Stdl more impor- 


tant is the plateau of lava, more than two hundred thousand 
square miles in area, extending from the Yellow, stone Park to the 

Cascade Mountains, 



which has been built 
from Miocene times to 
the pre.sent. 


Over this plateau, 
which occupies large por- 
tions of Idaho, Washiiig- 
ton, and Oregon, and 
extends into northern 
California and Nevada, 
the coiint.ry rock is ba- 
saltic lava. For thousands of S(|uare miles tlie surface is a lava plain 
which meets the boundary mountains as a lake or sea meets a rugged 
and deeply indented coast. The floods of molten rock spread up the 
mountain valleys for a score of miles and more, the intervening spurs 
rising above the lava like long peninsulas, while here and there an 
isolated peak was left to tower above the inundation like an island 
off a submerged shore. 

The rivers which drain the plateau — the Snake, the Columbia, and 
their tributaries — have deeply trenched it, yet their canyons, which reach 
the depth of several thousand feet, hav^e not been woi’ii to the base of the 
lava except near the margin and where they cut the summits of mountains 
drowned beneath the flood. Here and there the plateau has been 
deformed. It has been upbent into great folds, and broken into immense 
blocks of bedded lava, forming mountain ranges, which run parallel 
with the Pacific coast line. On the edges of these tilted blocks the 
thickness of the lava is seen to be fully five thousand feet. The plateau 


Fig. 341. Lava Plateau with Lava Domes 
in the Distance, Idaho 
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has been built, like that of Iceland (p. 242), of innumerable overlapping 
sheets of lava. On the canyon walls they weather back in horizontal 
terraces and long talus slopes. One may distinguish each successive 
flow by its dense central portion, often jointed with large vertical col- 
uiiins, and the upper portion with its mass of confused irregular columns 
and scoriaceous surface. The average thickness of the flows seems to 
be about seventy-five feet. 

The plateau was long in building. Between the layers are found in 
places old soil beds and forest grounds and the sediments of lakes. 
Hence the interval between the flows in any locality was sometimes 
long enough for clays to gather in the lakes which filled depressions in 
the surface. Again and again the surface of the black basalt was 
reddened by oxidation and decayed to soil, and forests had time to grow 
upon it before the succeeding inundation sealed the sediments and soils 
away beneath a sheet of stone. Near the edges of the lava plain, rivers 
from the surrounding mountains spread sheets of sand and gravel on 
the surface of one flow after another. These pervious sands, interbedded 
with the lava, become the aquifers of artesian wells. 

In places the lavas rest on extensive lake deposits, one thousand feet 
deep, and Miocene in age as their fossils prove. It is to the middle Ter- 
tiary, then, that the earliest flows and the largest bulk of the great inun- 
dation belong. So ancient are the latest floods in the Columbia basin 
that they have weathered to a residual yellow clay from thirty to sixty 
feet in depth and marvelously rich in the mineral substances on which 
plants feed. 

In the Snake River valley the latest lavas are much younger. Their 
surfaces are so fresh and iiiidecayed that here the effusive eruptions may 
well have continued to within the period of human history. Low lava 
domes like those of Iceland mark where last the basalt oiitwelled and 
spread far and wide before it chilled (Fig. 341). In places small mounds 
of scoria show that the eruptions were accompanied to a slight degree 
by explosions of steam. So fluid was this superheated lava that recent 
flows have been traced for more than fifty miles. 

The rocks underlying the Columbia lavas, where exposed to view, 
are seen to be cut by numerous great dikes of dense basalt, which mark 
the fissures through which the molten rock rose to the surface. 

The Tertiary included times of widespread and intense vol- 
canic action in other continents as well as in NTorth America. 
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In Europe, Vesuvius (Fig. 231) and Etna began their career as 
submarine volcanoes in connection with earth movements which 
fiuany lifted Pliocene deposits in Sicily to their present height, — 
four thousand feet above the sea. Volcanoes broke forth in central 
France and southern Germany, in Hungary and the Carpathians. 
Innumerable fissures opened in the crust from the north of Ire- 
land and the western islands of Scotland to the Faroes, Iceland, 
and even to arctic Greenland ; and here great plateaus were built 






of flows of basalt similar 
to that of the Columbia 
Kiver. In India, at the 
openmg of the Tertiary, 
there had been an out- 
welling of basalt, flood- 
ing to a depth of tlioii- 
saiids of feet two hundred 
thousand square miles of 
the northwestern part of 
the peninsiila (Fig. 342), 
and similar inundations 
of lava occurred where 
are now the table-lands 
of Abyssinia. From the 
middle Tertiary on, Asia 
Minor, Arabia, and Persia 
were the scenes of volcanic action. In Palestine the rise of the 
uplands of Judea at the close of the Eocene, and the down- 
faulting of the Jordan valley (p. 221) were followed by vol- 
canic outbursts. In comparison with the middle Tertiary, the 
present is a time of volcanic inactivity and repose. 

Erosion of Tertiary mountains and plateaus. The mountains 
and plateaus built at various times during the Tertiary and at 
its commencement have been profoundly carved by erosive 
agents. The Sierra Nevada Mountains have been dissected on 
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Eig. 342. Map showing the Lava Sheet 
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the western slope by such canyons as those of King’s Eiver and 
the Yosemite. Six iiiiles of strata have been denuded from parts 
of the Wasatch Mountains since their rise at the beginning of 
the era, Froiii the Colorado plateaus, whose uplift dates from the 
same time, there have been stripped off ten thousand feet of 
strata over thousands of square miles, and the colossal canyon 
of the Colorado has been cut after tliis great denudation had 
been mostly accomplished (Fig. 130). 

On the eastern side of the continent, as we have seen, a 
broad peneplain had been developed by the close of the Creta- 
ceous. The remnants of this old erosion surface are now found 
upwarped to various heights in different portions of its area. 
Ill southern New England it now stands fifteen hundred feet 
above the sea in western Massachusetts, dechning thence south- 
ward and eastward to sea level at the coast. In southwestern 
Virginia it has been lifted to four thousand feet above the sea. 
Manifestly this upwarp occurred since the peneplain was formed ; 
it is later than the Mesozoic, and the vast dissection which the 
peneplain has suffered since its uplift must belong to the suc- 
cessive cycles of Cenozoic time. 

Eevived by the uplift, the streams of the area trenched it as 
deeply as its elevation permitted, and reaching grade, opened up 
wide valleys and new peneplains in the softer rocks. The Con- 
necticut valley is Tertiary in age, and in the weak Triassic 
sandstones (p. 370) has been widened in places to fifteen miles. 
Dating from the same time are the valleys of the Hudson, the 
Susquehanna, the Delawaire, the Potomac, and the Shenandoah. 

In Pennsylvania and the states lying to the south the Meso- 
zoic peneplain lies along the summits of the mountain ridges. 
On the surface of this ancient i^lain. Tertiary erosion etched out 
the beautifully regular pattern of the Allegheny mountain 
ridges and their intervening valleys. The weaker strata of the 
long, regular folds were eroded into longitudinal valleys, wMle 
the hard Paleozoic sandstones, such as the Medina (p. 335) 
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and the Pocono (p. 350), were left in relief as bold mountain 
walls whose even crests rise to the common level of the ancient 
plain. Prom Yhrginia far mto Alabama the great Appalachian 
valley was opened to a width in places of fifty miles and more, 
along a belt of intensely folded and faulted strata where once 
was the heart of the Appalachian Mountains. In Ihgure 70 



FiCt. 343. Diagram of the Allegheny Mountains, Pennsylvania 
From Davis’ Elementary Physical Geography 

the summit of the Cumbeiiand plateau (fx?)) marks the level 
of the Mesozoic peneplain, wliile the lower erosion levels are 
Tertiary and Quaternary in age. 

Life of the Tertiary Period 

Vegetation and climate. The highest plants in structure, the 
dicotyls (such as our deciduous forest trees) and the mmiocotyU 
(represented by the palms), were introduced during the Creta- 
ceous. The vegetable kingdom reached its culmination before 
the animal kingdom, and if the dividing luie between the Meso- 
zoic and the Cenozoic were drawn according to the progress of 
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plant life^ tlie Cretaceous instead of the Tertiary -would be iiiade 
the opening period of the inodern era. 

The plants of the Tertiary belonged; for the most part, to gen- 
era now living; but their distribution was very different from 
that of the ffora of to-day. In the earlier Tertiary, palms flour- 
ished over northern Europe, and in the northwestern United 
States grew the magnolia and laurel, along with the walnut, 
oak, and elm. Even in northern Greenland and in Spitz- 
bergeii there were lakes covered with water lilies and sur- 
rounded by forests of maples, poplars, limes, the cypress of our 
southern states, and noble sequoias similar to the ^G:)ig trees” 
and redwoods of California. A warm climate like that of the 
Mesozoic, therefore, prevailed over Uorth America and Europe, 
extending far toward the pole. In the later Tertiary the climate 
gradually became cooler. Palms disappeared from Europe, and 
everywhere the aspect of forests and open lands became more 
like that of to-day. Grasses became abundant, furnishmg a new 
food for herbivorous animals. 

Animal life of the Tertiary. little needs to be said of the 
Tertiary invertebrates, so nearly were they like the invertebrates 
of' the present. Even in tlie Eocene, about five per cent of 
marine shells were of species still living, and in the Pliocene 
the proportion had risen to more than one half. 

Fishes were of modern types. Teleosts were now abundant. 
The ocean teemed Avith sharks, some of them bemg voracious 
monsters seventy-five feet and even more in length, Avith a gape 
of jaw of six feet, as estimated by the size of their enormous 
sharp-edged teeth. 

Snakes are found for the first time in the early Tertiary. 
These limbless reptiles, evoh^ed by degeneration from lizardlike 
ancestors, appeared in nonpoisonous types scarcely to be dis- 
tinguished from those of the present day. 

Mammals of the early Tertiary. The fossils of continental 
deposits of the earliest Eocene shoAV that a marked advance had 
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now been made in the evolution of the Mammalia. The higher 
mammals had appeared, and henceforth the lower mammals — 
, ' the monotremes and the marsupials — are reduced to a suhordi- 

’ , I nate place. 

I ' ! I These first true mammals were archaic and generalized in 

’ 1 'I structure. Their feet were . of the primitive type, with five toes 

i ' ' ! of about equal length. They were also plantigrades, — that is, 

they touched the ground with the sole of the entire foot from 
toe to heel. No foot had yet become adapted to swift running 
by a decrease in the number of digits and by lifting the heel and 



Fig. 344. Plienacodus 

sole so that only the toes touch the ground, — a tread called 
cligitigrade, ISTor was there yet any foot like that of the cats, 
with sharp retractile claws adapted to seizing and tearing the 
prey. Tlie forearm and the lower leg each had still two separate 
bones (ulna and radius, fibula and tibia), neither pair haying 
been replaced with a single strong bone, as in the leg of the horse. 
The teeth also were primitive in type and of full number. The 
complex heavy grinders of the horse and elephant, the sharp cut- 
ting teeth of the carnivores, and the cropping teeth of the grass 
eaters were all still to come. 

Phenacodus is a characteristic genus of the early Eocene, whose 
species varied in size from that of a bulldog to that of an animal a little 
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larger than a sheep. Its feet were primitive, and their five toes bore nails 
intermediate in form between .a claw and a hoof. The archaic type of 
teeth indicates that the animal was omnivorous in diet. A cast of the 
brain cavity show’-s that, like its associates of the time, its brain was 
extremely small and nearly smooth, having little more than traces of 
convolutions. 

The long ages of the Eocene and the following epochs of the 
Tertiary were times of comparatively rapid evolution among the 
Mammalia. The earliest forms evolved along diverging lines 
toward the various specialized types of hoofed mammals, rodents, 
carnivores, proboscidians, the primates, and the other mammalian 
orders as we know them now. We must describe the Tertiary 
mammals very briefly, tracing the lines of descent of only a few 
of the more familiar mammals of the present. 

The horse. The pedigree of the horse runs back into the 
early Eocene through many genera and species to a five-toed,^ 
short-legged ancestor little bigger than a cat. Its descendants 
gradually increased in stature and became better and better 
adapted to swift running to escape their foes. The leg became 
longer, and only the tip of the toes struck the ground. The 
middle toe (digit number three), originally the longest of the 
five, steadily enlarged, while the remaining digits dwindled and 
disappeared. The inner digit, corresponding to the great toe and 
thumb, was the first to go. Next number five, the little finger, 
"was also drop)p)ed. By the end of the Eocene a three-toed genus 
of the horse family had appeared, as large as a sheep. Ihe hoof 
of digit number three now supported most of the w'eight, but 
the slender hoofs of digits two and four were still serviceable. 
In the Miocene the stature of tlie ancestors of the horse increased 
to that of a pony\ The feet were still tlmee-toed, but the side 
hoofs were now’’ mere dew'Claw^s and scarcely touched the ground. 
The evolution of the family w^as completed in the Pliocene. 

iQr, more accurately, with four perfect toes and a rudimentary fifth coi re- 
sponding to the thunih. 
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The middle toe was enlarged still 
more, the side toes were dropped, 
and the palm and foot bones 
wliich supported them were re- 
duced to splints. 

While these changes were in 
progress the radius and iilna of 
the fore limb became consoli- 
dated to a single bone ; and in 
the hind limb the fibula dwindled 
to a splint, while the tibia was 
correspondingly enlarged. The 
molars also gradually lengthened, 
and became more and more eoiii- 
plex on their grinding siii'face ; 
the neck became longer ; tlie 
brain steadily increased in size 
and its convolutions b e c a in e 
more abundant. Tlie e\'olution 
of the horse has made for greater 
fieetness and intelligence. 

The rhinoceros and tapir. 
These animals, which are grouped 
with the horse among the odd- 
toed (perissodactyl) mammals, are 
now Yerging toward extinction. 
In the rliiiioeeros, evolution 
seems to have taken the opposite 
course from that of the horse. 
As the animal increased in size 
it became more clumsy, its lim])S 
became sliorter and more mas- 
sive, and, peril aps because of its 





Fig. 346. A Tertiary Mastodon 

The tapirs are an ancient fainilj which has changed but 
little since it separated from the other perissodactyl stocks in 
the early Tertiary. At present, tapirs are found only in. South 
America and southern Asia, — a remarkable distribution which 
we could not explain were it not that the geological record 
show^s that during Tertiary times tapirs ranged throughout the 
northern hemisphere, making their way to South America late 
ill that period. During the Pleistocene they became extinct over 
all the intervening lands between the widely separated regions 
where now they live. The geographic distribution of animals, 
as well as their relationships and origins, can be understood 
only through a study of their geological history. 
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were not reduced below the number three. Like other krge 
herbivores, the rhinoceros, too slow to escape its enemies by 
flight, learned to withstand them. It developed as its means 
of defense a nasal horn. 

Peculiar offshoots of the line appeared at various times in the Ter- 
tiary. A rhinoceros, semiaquatic in habits, with curved tusks, resembling 
ill aspect the hippopotamus, lived along the water courses of the plains 
east of the Rockies, and its bones are now found by the thousands in 
the Aliocene of Kansas. Another developed along a line parallel to 
that of the horse, and herds of these light-limbed and swift-footed run- 
ning rhinoceroses ranged the Great Plains from the Dakotas southward. 


410 THE ELEMENTS OF GEOLOGY 

The proboscidians. This unique order of hoofed mammals, of 
which the elephant is the sole survivor, has been traced back to 
the close of the Eocene. In the middle and later Tertiary it 
was represented by huge creatures so nearly akin to the mas- 
todons of the Pleistocene that they are often hieluded in that 

genus. The Tertiary was 

furnished with a long, flexible pro- 
boscis, and armed with trvo pairs of 
long, straight ivory tusks, the pair 
of the lower jaw being the smaller. 

The Dinotliere was a curious offshoot 
of the line, which developed in the Mio- 
cene ill Europe. In this immense pro- 
boscidian, whose skull was three feet 
]ong, the upper pair of tusks had disap- 
peared, and those of the lo wer jaw were 
bent down with a backward curve in 
Fig. 347. Head of Dinotliere walrus fashion. 

In the true ele2Jhants, which do not appear until near the close 
of the Tertiary, the lower jaw loses its tusks and the grinding 
teeth become exceedingly coinp)lex in structure. The grinding 

teeth of the mastodon 
had long roots and low 
crowns crossed by four 
or five peaked enameled 
ridges. In the teeth of 
the true elephants the 

crown has become deeip 

Fk>. 348. Crown of Mastodon Tooth ^ 

have changed to numerous upright, platelike folds, their inter- 
spaces filled with cement. The two genera — ]\Iastodon and 
Elephant — are connected by species wliose teeth are interme- 
diate in pattern. The proboscidians culminated in the Pliocene, 
when some of the giant elephants reached a height of fourteen feet. 
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The artiodactyls comprise the hoofed Mammalia which liave 
an even number of toes, such as cattle, sheep, and swine. Like 
the perissodact}ds, 
they are descended 
from the primitive 
five-toed planti- 
grade mammals of 
the lowCvSt Eocene. 

In their evolution, 
digit number one 
was first dropped, 
and the middle pair 

became larger and more massive, while the side digits, nu 
two and five, became shorter, weaker, and less serviceable 


Fig. 349. Tooth of an Extinct Elephant, 
the Mammoth 


I. 350. Evolution of the Artiodactyl Foot, illustrated by 
Existing Families 

A, pig; R, roebuch; C, sheep; D, camel 

artioclactyls culminated in the Tertiary ; at present 
represented only by the hippopotamus and the hog. 
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Along the main line of the evolution of the artiodactyls the 
side toes, digits two and five, disappeared, leaving as proof that 
they once existed the corresponding bones of palm and sole as 
splmts. The tivo4oed artiodactyls, such as the camels, deer, 
cattle, and sheep, are now the leading types of the herbivores. 

S'wme and ijcccaries are two branches of a cominoii stock, 
the first developing in the Old World and the second in the 
New. In the Miocene a noticeable offshoot of the line was a 
gigantic piglike brute, a root eater, with a skull a yard in length, 
whose remains are now found in Colorado and South Dakota. 

Camels and llamas. The line of camels and llamas developed in 
North America, where the successive changes from an early Eocene 
ancestor, no larger than a rabbit, are traced step by step to the present 
forms, as clearly as is the evolution of the horse. In the late Miocene 
some of the ancestral forms migrated to the Old World by way of a land 
connection wliere Bering Strait now is, and there gave rise to the camels 
and dromedaries. Others migrated into South America, which had now 
been connected with our own continent, and these developed into the 
llainos and guanacos, while those of the race w'liich remained in North 
America became extinct during the Pleistocene. 

Some peculiar branches of the camel stem appeared in North America. 
In the Pliocene arose a llama with the long neck and limbs of a giraffe, 
whose food was cropped from the leaves and branches of trees. Far 
more generalized in structure was the Oreodon, an animal related to 
the camels, but with distinct affinities also with other lines, such as 
those of the hog and deer. These curious creatures were much like the 
peccary in appearance, except for their long tails. In the middle Eocene 
they roamed in vast herds from Oregon to Kansas and Nebraska. 

The ruminants. This division of the artiodactyls includes 
antelopes, deer, oxen, bison, sheep, and goats, — all of which be- 
. long to a common stock, which took its rise in Europe in the upper 
Eocene from ancestral forms akin to those of the camels. In 
the Miocene the evolution of the two-toed artiodactyl foot was 
well-nigh completed. Bonelike growths appeared on the head, 
and the two groups of the ruminants became specialized, — the 
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deer with bony antlers, shed and renewed each year, and the 
rnminaiits with hollow horns, whose two bony knobs upon 
the skull are covered with permanent, pointed, horny sheaths. 

The ruminants evolved in the Old World, and it was not until the 
later Miocene that the ancestors of the antelope and of some deer found 
their way to North America. Mountain sheep and goats, the bison and 
most of the deer, did not arrive until after the close of the Tertiary, 
and sheep and oxen were introduced by man. 

The hoofed mammals of the Tertiary included many offshoots from 
the main lines which we have traced. Among them were a number of 
genera of clumsy, ponderous brutes, some almost elephantine in their 
bulk. 

The carnivores. The ancestral lines of the families of the 
flesh eaters — such as the cats (lions, tigers, etc.), the bears, the 
hyenas, and the dogs (including wolves and foxes) — converge 
in the creodonts of the early Eocene, — an order so generalized 
that it had affinities not only with the carnivores but also with 
the insect eaters, the inarsiipials, and the hoofed mammals as 
well. Erom these. primitive flesh eaters, with small and simple 
Ijrains, iiumerous small teeth, and plantigrade tread, the different 
families of the carnivores of the present have slowly evolved. 

Dogs and bears. The dog family diverged from the creodonts 
late in the Eocene, and divided into two branches, one of which 
evolved the wolves and the other the foxes. An offshoot gave 
rise to the family of the bears, and so closely do these two 
families, now wide apart, approach as we trace them back in 
Tertiary times that the Auiphicyon, a genus doglike in its teeth 
and bearlike in other structures, is referred by some to the dog 
and by others to the bear family. The well-known plantigrade 
tread of bears is a primitive characteristic which has survived 
from their creodont ancestry. 

Cats. The family of the cats, the most highly specialized of all 
the carnivores, divided in tlie Tertiary into two main branches. 
One, the saber-tooth tigers (Eig. 351), which takes its name from 
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tlieir long, saberlike, sharp-edged npper canine teeth, evolved a 
succession of genera and species, among them some of the most 
destructive beasts of prey which ever scourged the earth. They 
were masters of the entire northern hemisphere during the 
middle Tertiary, but in Europe during the Pliocene they declined, 
from unknown causes, and gave place to the other branch of 
cats, — which includes the lions, tigers, and leopards. In the 
Americas the saber-tooth tigers long survived the epoch. 





Fig. 351. Saber-Tooth Tiger 

Marine mammals. The carnivorous mammals of the sea — 
whales, seals, walruses, etc. — seem to have been derived from 
some of the creodonts of the early Tertiary by adaptation to 
aquatic life. Whales evolved from some land ancestry at a very 
early date in the Tertiary ; in the marine deposits of the Eocene 
are found the bones of the Zeioglodon, a whalelike creature 
seventy feet in length. 

Primates. This order, which includes lemurs, monkeys, apes, 
and man, seems to have sprung from a creodont or insectivorous 
ancestry in the lower Eocene. Lemur-like types, with small, 
smooth brains, were abundant in the United States in the 
early Tertiary, but no primates have been found here in tlie mid- 
dle Tertiary and later strata. In Europe true monkeys were 
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introduced in the Miocene, and were abundant until the close 
of the Tertiary, when they were driven from the continent by 
the increasing cold. 

Advance of the Mammalia during the Tertiary • During the 
several iiiillions of years comprised hi Tertiary time the mam- 
mals evolved from the lowly, simple types which tenanted the 
earth at the beginning .of the period, into the many kinds of 
highly specialized mammals of the Pleistocene and the present, 
each with the various structures of the body adapted to its own 
peculiar mode of life. The swift feet of the horse, the horns of 
cattle and the antlers of the deer, the lion^s claws and teeth, 
the long incisors of the beaver, the proboscis of the elephant, 
were all developed in Tertiary times. In especial the brain of 
the Tertiary mammals constantly grew larger relatively to the 
size of body, and the higher portion of the brain — the cerebral 
lobes — increased in size in comparison with the cerebellum. 
Some of the hoofed mammals now have a brain eight or ten 
times the size of that of their early Tertiary predecessors of equal 
bulk. Nor can we doubt that along with the increasing size of 
brain went a corresponding increase in the keenness of the 
senses, in activity and vigor, and in intelligence. 


CHAPTEE XXII 


THE QUATERNARY 

The last period of geological history, the Quaternary, luay l)e 
said to have begun when all, or nearly all, living species of 
mollusks and most of the existing mammals had appeared. 
It is divided into two great epochs. The first, the Flcistocenc or 
Glacial apoch, is marked off from the Tertiary by the occupation 
of the northern parts of North America and Europe I)y vast ice 
slieets ; the second, the Recent epoch, began with the disappear- 
ance of the ice sheets from these continents, and merges into 
the present time. 

The Pleistocene Epoch 

We now come to an episode of unusual interest, so different 
was it from most of the preceding epochs and from the present, 
and so largely has it influenced the conditions of man’s life. 

The records of the Glacial epoch are so plain and full that 
we are compelled to believe what otherwise would seem almost 
incredible, — that following the mild climate of the Tertiary 
came a succession of ages when ice fields, like that of Green- 
land, shrouded the northern parts of North America and Europe 
and extended far into temperate latitudes. 

The drift. Our studies of glaciers have prepared us to decipher 
and interpret the history of the Glacial epoch, as it is recorded 
in the surface deposits known as the drift. Over most of Canada 
and the northern states this familiar formation is exposed to 
view in nearly all cuttings which pass below the surface soil. 
The drift includes two distinct classes of deposits, — the unstrati- 
fied drift laid dowm by glacier ice, and the stratified drift spread 
by glacier wmters. 
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The materials of the drift are in any given place in part unlike 
the rock on wMch it rests. They cannot he derived fr(jm the 
undeiiyiiig rock hy weathering, hut have been hr<jiight from 
elsewhere. Thus where a region is underlain hy sedimentary 
rocks, as is the drift-covered area from the Hudson Eiver to 
the Missouri, the drift contains not only fragments of limestone, 
sandstone, and shale of local derivation, hut also pehhles of many 
igneous and metamorphic rocks, such as granites, gneisses, 


Fig. a52. Stratitied Drift overlying Uiistratitied Drift, Massachusetts 


schists, dike rocks, quartzites, and the quartz of mineral veins, 
whose nearest source is tlie Archean area of Canada and tlie 
states of our northern border. The drift received its name 
when it was supposed that tlie formation had been drifted ])y 
floods and icebergs from outside sources, — a theory long since 
ahandoned. 

The distribution also of the drift points clearly to its peculiar origin. 
Within the limits of the glaciated area it covers the country without 
regard to the relief, mantling with its debris not only lowlands and 
valleys but also highlands and mountain slopes. 
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The boundary of the drift is equally independent of the relief of the 
land, crossing' hills and plains impartially, unlike water-laid deposits, 
whose margins, unless subsequently deformed, are horizontal. The 
boundary of the drift is strikingly lobate also, bending outward in 
broad, convex curves, wdiere there are no natural barriers in the topog- 
raphy of the country to set it such a limit. Under these conditions such 
a lobate margin cannot belong to deposits of rivers, lakes, or ocean, 
but is precisely that which would mark the edge of a continental glacier 
which deployed in broad tongues of ice. 


The rock surface underlying the drift. Over much of its 
area the drift rests on firm, fresh rock, showing that both the 
preglacial mantle of residual waste and the partially decomposed 
and broken rock beneath it have been swept away. The under- 
lying rock, especially if massive, hard, and of a fine grain, has 
often been ground down to a smooth surface and rubbed to a 
polish as perfect as that seen on the rock beside an Alpme 
glacier where the ice has recently melted hack. Frequently 
it has been worn to the smooth, rounded hummocks known 
as roches moutonnees, and even rocky hills have been thus 
smoothed to flowing outlines like roches moutonnees on a gigan- 
tic scale. The rock pavement beneath the drift is also marked 
by long, straight, parallel scorings, varying in size from deep 
grooves to fine striae as delicate as the hair lines cut by an en- 
graver’s needle. Where the rock is soft or closely jomted it 
is often shattered to a depth of several feet beneath the drift, 
while stony clay has been thrust in among the fragments into 
which the rock is broken. 

In the presence of these glaciated surfaces we cannot doubt 
that the area of the drift has been overridden by vast sheets of 
ice wliicli, in their steady flow, rasped and scored the rock bed 
beneath by means of the stones wdth which their basal layers 
were inset, and in places plucked and shattered it. 

Till. The iinstratified portion of the drift consists chiefly of 
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ground moraines of ancient continental glaciers. Till is an 
unsorted mixture of materials of all sizes, from fine clay and 
sand, gravel, pebbles, and cobblestones, to large bowlders. The 
stones of the till are of many kinds, some having been plucked 
from the bed rock of the locality where they are found, and 
others having been brought from outside and often distant 
places. Land ice is the only agent known which can spread 
unstratified material in such extensive sheets. 

TI\q fim material of the till comes from two different sources. 
In part it is derived from old residual clays, which in the 
inaking had been leached of the lime and other soluble ingredi- 
ents of the rock from which they weathered. In part it consists 
of sound rock ground fine ; a drop of acid on fresh, clayey till 
often proves by brisk effervescence that the till contains much 
undecayed limestone flour. The ice sheet, therefore, both scraped 
up the mantle of long-weathered waste which covered the coun- 
try before its coming, and also ground heavily upon the sound 
rock imderneath, and crushed and wore to rock flour the 
fragments which it carried. 

The color of un weathered till depends on that of the materi- 
als of which it is composed. Where red sandstones have con- 
tributed largely to its making, as over the Triassic sandstones 
of the eastern states and the Algonkian sandstones about Lake 
Superior, the drift is reddish. ■\Wien derived in part from coaly 
shales, as over many outcrops of the Pennsylvanian, it may 
when moist be almost black. Fresh till is normally a dull gray 
or bluish, so largely is it made up of the grindings of unoxidized 
rocks of these common colors. 


Except where composed chiefly of sand or coarser stuff, unweathered 
till is often exceedingly dense. Can you suggest by what means it has 
been thus compacted ? Did the ice fields of the Glacial epoch bear heavy 
surface moraines like the medial and lateral moraines of valley 
Where was the greater part of the 
ing from what you know of the 
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Bowlders of the drift. The pebbles and bowlders of the drift 
are in part stream gravels, bowlders of weathermg, and other 
coarse rock waste picked up from the surface of the countrjvby 
the advancing ice, and in part are fragments plucked from 
ledges' of sound rock after the mantle of waste had been 
removed. Many of the stones of the till are dressed as only 
«lacier ice can do ; their sharp edges have been blunted and 


their sides faceted and scored. 




Fig. 853, A Drumlin, Wisconsin 




We may easily find all stages of this process represented among the 
pebbles of the till. Some are little worn, even on their edges; some 
are planed and scored on one side only ; while some in their long jour- 
ney have been ground down to many facets and have lost inuoh of their 
original bulk. Evidently the ice played fast and loose with a stone 

carried in its basal layers, 
now bolding it fast and 
rubbing it against the rock 
beneatli, now loosening its 
grasp and allowing the 
stone to turn. 

Bowlders of the drift 
are some times found on 
higher groiiiid than their 
parent ledges. Thus bowlders have been left on the sides of IMount 
Katahdin, Maine, which were plucked from limestone ledges twelve miles 
distant and three thousand feet lower than their resting place. In other 
cases stones have been carried over mountain ranges, as in Yennont, 
where pebbles of Burlington red sandstone were dragged over the Green 
Mountains, three thousand feet in height, and left in the Connecticut 
valley sixty miles away. IS^o other geological agent than glacier ice 
could do this work. 

The bowlders of the drift are often large. Bowlders ten and twenty 
feet in diameter are not uncommon, and some are known whose diam- 
eter exceeds fifty feet. As a rule the average size of bowlders decreases 
with increasing distance from their sources. Y"hy ? 


A, 




Till plains. The surface of the drift, where left in its initial 
state, also displays clear proof of its glacial origin. Over large 
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areas it is spread in level plains of till, perhaps bowlder-dotted, 
siinilar to the plains of stony clay left in Spitzbergen by the 
recent retreat of some of the glaciers of that island. In places 
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Fig. 864. Map of a Portion of a Driimlin Area near Oswego, New York 

the iinstratified drift is heaped in hills of various kinds, which 
we will now describe. 

Druinliiis. Drimilins are smooth, rounded hills composed of 
till, elliptical in base, and having their longer axes parallel to 
the movement of the ice as shown by glacial scormgs. They 
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crowd certain distilclis jn^centrd New York and in southern 
Wisconsin, where tl*^ ’ihayi' he ■ counted by the thousands. 
Among the numfjro|i'^§runflih^ about Boston is historic Bunker 


Hill. A I i " [-I 'A p P 

Drumlins are made of grOuncl ihhraatfe. They were accumu- 
lated and given shape beneath the overriding ice, much as are 
sand bars in a river, or in some instances were carved, like 
roches moutonnees, by an ice sheet out of the till left by an 
earlier ice invasion. 

Terminal moraines. The glaciated area is crossed by belts of 
thickened drift, often a mile or two, and sometimes even ten 



Fig. 355, Terniinal Moraine, Staten Island 


miles and more, in breadth, which lie transverse to tlie move- 
ment of the ice and clearly are the terminal moraines of ancient 
ice sheets, marking either the limit of their farthest advance or 
pauses in their general retreat. 

The surface of these moraines is a juml.)le of elevations and 
depressions, which vary from low, gentle swells and shallow 
sags to sharp hills, a hundred feet or so in height, and deep, 
steep-sided hollows. Such tumultuous hills and hummocks, set 
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with depressions of all shapes, which usually are without outlet 
and are often occupied by marshes, ponds, and lakes, surely 
cannot he the woik of running water. The hills are heaps of 
drift, lodged heneath the ice edge or piled along its front. The 
basins were left among the tangle of morainic knolls and ridges 
(Fig. 105) as the margm of the ice moved hack and forth. 
Some bowl-shaped basins were made by the meltmg of a mass of 
ice left behmd by the retreating glacier and buried in its debris. 

The stratified drift. Like modern glaciers the ice sheets of 
the Pleistocene were ever being converted into "water about their 
margins. Their limits on the land were the lines where their 
onward flow was just bal- 
anced by melting and evap- 
oration. On the surface of 
the ice along the marginal 
zone, rivulets no doubt 
flowed in summer, and found 
their way through crevasses 
to the interior of the 
glacier or to the ground. 

Subglacial streams, like 
those of the Malaspina 
glacier, issued from tunnels in the ice, and water ran along the 
melting ice front as it is seen to do about the glacier tongues 
of Greenland. All these glacier wnters flowed away down the 
chief drainage channels in swollen rivers loaded with glacial' 
waste. 

It is not unexpected therefore that there are found, over all 
the country where the melting ice retreated, deposits made of 
the same materials as the till, but sorted and stratified by run- 
ning waater. Some of these were deposited behind the ice front 
in ice-walled channels, some at the edge of the glaciers by issu- 
ing streams, and others were spread to long distances in front 
of the ice edge by glacial waters as they flowed away. 
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Askers are narrow, winding ridges -of stratified sand and 
gravel whose general course lies parallel with the iiioveineiit of 
the glacier. These ridges, though evidently laid by running 
water, do not follow lines of continuous descent, but may be 


streams by which eskers were laid did not flow unconfined upon 
the surface of the ground. We may infer that eskers were 
deposited in the tunnels and ice- walled gorges of glacial streams 
before they issued from the ice front. 

Karnes are sand and gravel knolls, associated for the most 
part with terminal moraines, and heaped by glacial waters along 

margin of the ice. 

stratified drift sometimes 
found in rugged regions 
along the sides of valleys. 
Ill these valleys long 
tongues of glacier ice lay slowly melting. Glacial watei's took 
their way between the edges of the glaciers and the hillside, 
and here deposited sand and gravel in rude terraces. 


Fig. 358. Diagram illustrating the For 
mation of Ivame Terraces 

if glacier ice ; t, t, terraces 
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Outwash plains are plains of sand and gravel which frequently 
border terminal moraines on their outward face, and were spread 
evidently by outwash from the meltmg ice. Outwash plains are 
sometimes pitted by bowl-shaped basins where ice blocks were 
left buried in the sand by the retreating glacier. 

Valley trains are deposits of stratified drift with which river 
valleys have been aggraded. Valleys leading outward from the 
ice front were flooded by glacial waters and were filled often to 
great depths with trains of stream-swept drift. Since the disap- 
pearance of the ice these glacial flood plains have been dissected 
by the shrunken rivers of recent times and left on either side the 
valley in high terraces. Valley trains head in morainic plains, 
and their material grows finer down valley and coarser toward 
their sources. Their gradient is commonly greater than that of 
the present rivers. 

The extent of the drift. The extent of the drift of North 
America and its southern limits are best seen in Figure 359. Its 
area is reckoned at about four million square miles. The ice 
fields which once covered so much of our continent were all 
together ten times as large as the inland ice of Greenland, and 
about equal to the enormous ice cap which now covers the 
antarctic regions. 

The ice field of Europe was much smaller, measuring about 
seven hundred and seventy thousand square miles. 

Centers of dispersion. The direction of the movement of the 
ice is recorded plainly in the scorings of the rock surface, in 
the shapes of glaciated hills, in the axes of drumlins and eskers, 
and ill trains of bowlders, when the ledges from which they 
were plucked can be discovered. In these ways it has been 
proved that in North America there were three centers where 
ice gathered to the greatest depth, and from which it flowed 
in all directions outward. There were thus three vast ice 
fields, — one the Corclilleran^ which lay upon the Cordilleras of 
British America ; one the Keeioatin, which flowed out from the 
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pi'ovince of Keewatin, west of Hudson Bay; and one the Labrado-r 
ice field, whose center of dispersion was on the higlilands of the 
peninsula of Labrador. As shown inPigure 359, the western ice 
field extended but a short way beyond the eastern foothills of 
the Eocky Mountains, where perhaps it met the far-traveled ice 
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Fig. 350. Hypothetical Maj) ot the Pleistocene Ice Sheets of Nortli America 
From Salishiiiy’s Glacial Geology of Xeio Jersey 

from the great central field. The Iveewatiii and the Labrador 
ice fields flowed farthest toward the south, and in the Mississijipi 
valley the one reached the mouth of the Missouri and the ot her 
nearly to tlie mouth of the Oliio. In Minnesota and Musconsin 
and northward they merged in one vast field. 
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The thickness of the ice was so great that it buried the high- 
est mountains of eastern North America, as is proved by the 
transported bowlders which have been found upon their sum- 
mits. If the land then stood at its present height above sea 
level, and if the average slope of the ice were no iiiore than ten 
feet to the mile, - — a slope so gentle that the eye could not 
detect it and less than half the slope of the interior of the 

inland ice of Green- 

land, — the ice pla- 
teaus about Hudson 
Bay must have ^ 
reached a thickness 

of at least ten \ 

thousand feet. \ ^ 


iiss 


In Europe the 

Scandinavian plateau ^ ^ ^ 

was the chief center 

of dispersion. At the Hypothetical Map of the Plej.stooene 

, , I . Ice Sheet of Europe 

time ot greatest glaci- 
ation a continuous field of ice extended from the Ural Mountains to the 
Atlantic, where, off the coasts of Norway and the British Isles, it met 
the sea in an unbroken ice wall. On the south it reached to southern 
England, Belgium, and central Germany, and deployed on the eastern 
plains in wide lobes over Poland and central Russia (Fig. 360). 

At the same time the Alps supported giant glaciers many times the 
size of the surviving glaciers of to-day, and a piedmont glacier covered 
the plains of northern Switzerland. 


The thickness of the drift. The drift is far from uniform in 
tliickness. It is comparatively tliiii and scanty over the Lauren- 
tian highlands and the rugged regions of New England, while 
from southern New York and Ontario westward over the Mis- 
sissippi valley, and on the great western plains of Canada, it 
exceeds an average of one hundred feet over wide areas, and in 
places has five and six times that thickness. It was to this 
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marginal belt that the ice sheets brought their loads, while 
northwards, nearer the centers of dispersion, erosion was exces- 
sive and deposition slight. 

Successive ice invasions and their drift sheets. Eecent stud- 
ies of the drift prove that it does not consist of one indivis- 
ible formation, but includes a number of distinct drift sheets, 
each with its own peculiar features. The Pleistocene epoch 
consisted, therefore, of several glacial stages,— during each of 
which the ice advanced far southward, — together with the 
intervening interglacial stages when, under a mildei climate, 
the ice melted back toward its sources or wholly disappieared. 

The evidences of such interglacial stages, and the means by which 
the different drift sheets are told apart, are illustrated in Figure .361. 
Here the country from iV to S is wholly covered by drift, but the drift 



Fio. 301. Diagram illustrating Criteria by wliich Different 
Drift Sheets are distinguished 

from N to m is so unlike that from m to S that we may believe it the 
product of a distinct ice invasion and deposited during another and far 
later glacial stage. The former drift is very young, for its drainage is 
as yet immature, and there are many lakes and marshes upon its sur- 
face ; the latter is far older, for its surface has been thoroughly dissected 
by its streams. The former is but slightly weathered, while the latter 
is so old that it is deeply reddened by oxidation and is leached of its 
soluble ingredients such as lime. The younger drift is bordered by a 
distinct terminal moraine, while the margin of the older drift is not 
thus marked. Moreover, the two drift sheets are somewhat unlike in 
composition, and the different proportion of pebbles of the various 
kinds of rocks which they contain shows that their respective glaciers 
followed different tracks and gathered their loads from different regions. 
Again, in places beneath the younger drift there is found the buried 
land surface of an older drift with old soils, forest gTounds, and vege- 
table deposits, containing the remains of animals and plants, wliicli 
tell of the climate of the interglacial stage .in which they lived. 
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By such differences as these the following drift sheets have 
been made out in America, and similar subdivisions have been 
recognized in Europe. 

5 The Wisconsin formation 
4 The Iowan formation 
3 The Iliinoian formation 
2 The Kansan formation 
1 The pre-Kansan or eJerseyan formation 

In New Jersey and Pennsylvania the edge of a deeply weath- 
ered and eroded drift sheet, the Jerseyan, extends beyond the 
limits of a much younger overlying drift. It may be the equiva- 
lent of a deep-buried basal drift sheet found in tlie Mississippi 
valley beneath the Kansan and parted from it by peat, old soil, 
and gravel beds. 

The two succeeding stages mark the greatest snowfall of the 
Glacial epoch. In Kansan times the Keewatin ice field slowly 
grew southward until it reached fifteen hundred miles from its 
center of dispersion and extended from the Arctic Ocean to 
northeastern Kansas. In the Iliinoian stage the Labrador ice 
field stretched from Hudson Straits nearly to the Ohio Pdver in 
Illinois. In the Iowan and the Wisconsm, the closing stages of 
the Glacial epoch, the readvancing ice fields fell far short of their 
former limits in the Mississippi valley, but in the eastern states 
the Labrador ice field during Wisconsin times overrode for the 
most part all earlier deposits, and, covering Kew England, prob- 
ably met the ocean in a continuous wall of ice which set its bergs 
afloat from Massachusetts to northern Labrador. 

We select for detailed description the Kansan and the Wis- 
consin formations as representatives, the one of the older and 
tlie other of the younger drift sheets. 

The Kansan formation. The Kansan drift consists for the 
most part of a sheet of clayey till carrymg smaller bowlders 
than the later drift. Few traces of drumlins, kames, or terminal 
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nioraiiies are found upon tlie Kansan drift, and where thi(dv 
enough to mask the preexisting surface, it seems to have been 
spread originally in level plains of till. 

The initial Kansan plain has been worn by running water 
until there are now left only isolated patches and the nari*ow 
strips and crests of the divides, which still rise to the ancient 
level. The valleys of the larger streams have been opened wide. 
Their well-developed tributaries have carved nearly the entire 
j)lain to valley slopes (Figs. 60 B, and 59 ). The lakes and marshes 
wdiicli once marked the infancy of the region have long since 


Fig. 368. Plain of Wisconsin Drift, Iowa 

been effaced. The drift is also deeply weathered. The till, origi- 
nally blue in color, has been yellowed by oxidation to a depth 
of ten and twenty feet and even more, and its surface is some- 
times rusted to terra-cotta red. To a somewhat less depth it has 
been leached of its lime and other soluble ingredients. In the 
weathered zone its pebbles, especially where the till is loose in 
texture, are sometimes so rotted that granites may be crumbled 
with the fingers. The Kansan drift is therefore old. 

The Wisconsin formation. The Wisconsm diift sheet is but 
little weathered and eroded, and therefore is extremely young. 
Oxidation has effected it but slightly, and lime and other 
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soluble plant foods remain undissolved even at the grass roots. 
Its river systems are sthl in their infancy (Fig. 50, A). SAvainps 
and peat bogs are abundant on its imdraiiied surface, and to 
this drift sheet belong the lake lands of our northern states 
and of the Laurentian peneplain of Canada. 

The lake basins of the Wisconsin drift are of several different 
classes. Many are shallow sags in the ground moraine. Still more 
numerous are the lakes set in hollows among the hills of the terminal 
moraines ; such as the thousands of lakelets of eastern Massachusetts. 
Indeed, the terminal moraines of the Wisconsin drift may often be 
roughly traced on maps by means of belts of lakes and ponds. Some 
lakes are due to the blockade of ancient valleys by morainic debris, 
and this class includes many of the lakes of the Adirondacks, the 
mountain regions of New England, and the Laurentian area. Still 
other lakes rest in rock basins scooped out by glaciers. In many cases 
lakes are due to more than one cause, as where preglacial valleys liave 
both been basined by the ice and blockaded by its moraines. Tlie Finger 
lakes of New York, for example, occupy such glacial troughs. 

Massive Urminal moraines, which ma,rk the failliest liiiiits to 
which the Wisconsin ice advanced, have been traced from Cape 
Cod and the islands south of New England, across the Appala- 
chians and the Mississippi valley, through the Dakotas, and far 
to the north over the plains of British America. Mdiere the ice 
halted for a time in its general retreat, it left recessional mo- 
raines, as this variety of the termuial moraine is called. The 
moraines of the Wisconsin drift lie upon the country like great, 
festoons, each series of concentric loops marking the utiiiost 
advance of broad lobes of the ice margin and the \'arious pauses 
in their recession. 

Behind the terminal moraines lie wide till plains, in places 
studded thickly with drumlins, or ridged with an occasional 
esker. Great outwash plains of sand and gravel lie in iVoiit of 
the moraine belts, and long valley trains of coarse gra\’els tell 
of the swift and powerful rivers of the time. 
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The loess of the Mississippi valley. A yellow earth, quite 
like the loess of China, is laid broadly as a surface deposit over 
the Jlississippi valley from eastern Nebraska to Ohio outside 
the boiindaiies of the Iowan and the Wisconsin drift. Much 
of the loess was deposited in Iowan times. It is yoiino’er tlian 
the earlier drift sheets, for it overlies their weathered and eroded 
surfaces. It thickens to the Iowan drift border, but is not found 
upon that drift. It is older than the Wisconsin, for in many 
places it passes underneath the W^iscoiisin terminal moraines. 


Fig. 304. Bank of Loess, Iowa 

In part the loess seems to have been washed from glacial waste 
and spread in sluggish glacial waters, and in part to have been 
distril3uted by the wind from plains of aggrading glacial streams. 

The effects of the ice invasions on rivers. The repeated ice 
invasions of the Pleistocene profoundly disarranged the dramage 
systems of our northern states. In some regions the ancient 
valleys were completely filled with drift. On the withdrawal 
of the ice the streams were compelled to find their way, as best 
they could, over a fresh land surface, where we now find them 
flowing on the drift in young, narrow channels. But hundreds of 
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feetbelowthe ground the well driller and the prospector for coal 
and oil discover deep, wide, buried valleys cut in rock, — the 
channels of preglaeial and interglacial streams. In places the 
ancient valleys were filled with drift to a dex^th of a hundred 

— — 1 feet, and sometimes even to 

r"’' ~| a dex^th of four hundred and 

^ ' five hundred feet. In such 

valleys, rivers now flow high 
^ above their ancient beds of 

floors of valley drift. 

ii 

J| f / present rivers are but patch- 

K£/ works of preoiacial, inter- 

■-x/L Sharon x o ' 

- 41 “ glacial, and postglacial 

^ s^IkL^^ courses (Fig. 366). Here 

winds along an 

_;;y^ont>v.^sbur)A<^^ ancient valley with gontlv 

y sloping sides and a vdde 

^ alluvial floor perhaps a iiii 

. or so in width, and tliere it 

N. Martinsville rSj^.VM ^ MARYL.^D 

p /' enters a young, I'oek-wfilled 

/ a C I / ' g^-^hg^'? whose 1‘oekv bed in a}’ 

3 go. “T - 39 “ be crossed by ledges over, 

r\ Scale of miles wMcIi tlie ilver pluno’es in 

/S 0 51015 3025 5 0 -L ^ 

{ ? V waterfalls and rapids. 

e<° ^ ^ In such cases it is possible 

Fig. 365. Preglacial Drainage, Upper that the river was pushed to 
Ohio Valley one side of its former valley 

After Chamberlin and Leverett Py ^ Jop^ of ice, and com- 

pelled to cut a new channel in the adjacent uplands. xV section 
of the valley may have been blockaded with morainic waste, 
and the lake formed behind the barrier may liave fouml outlet 
over the countrv to one side of the ancient drift-tilled vallev. 


N.MarttnsinlieYSw ^ M.AkYL.^D 


Fig. 365. Preglacial Drainage, Upper 
Ohio Valley 

After Chamberlin and Leverett 
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ice sheets, glacial streams, while confined within walls of stag- 
nant ice, cut down through the ice and incised their channels 
on the underlying country, in some cases being let down oh old 
river courses, and in other cases excavating gorges in adjacent 
uplands. 

Pleistocene lakes. Temporary lakes were formed wherever 
the ice front dammed the natural drainage of the region. Some, 
held in the iiiinor valleys 
crossed by ice lobes, were 
small, and no doubt many 
were too short-lived to leave 
lasting records. Others, 
long held against the north- 
ward sloping country by the 
retreating ice edge, left in 
tlieir beaches, their clayey 
beds, and their outlet chan- 
nels pernianent evidences of their area and depth. Some of 
these glacial lakes are thus known to have been larger than any 
present lake. 



Fig. 360. A Patchwork Valley 

a and a\ ancient courses still occupied by 
the river; h, po.stglacial gorge; c, ancient 
course now filled with drift 





Lake Agassiz, named in honor of the author of the theory of conti- 
nental glaciation, is supposed to have been held by the united front of 
the Keewatin and the Labrador ice fields as they finally retreated down 
the valley of the Red River of the North and the drainage basin of 
Lake Winnipeg. From first to last Lake Agassiz covered a hundred and 
ten tliousand scpiare miles in IManitoba and the adjacent parts of Min- 
nesota and North Dakota, — an area larger than all the Great Lakes 
combined. It discharged its Avaters across the divide which held it on 
the south, and tlius excavated the valley of the Minhesota River. The 
lake bed — a plain of till — was spread smooth and level as a floor with 
lacustrine silts. Since Lake Agassiz vanished with the melting back 
of the ice beyond tlie outlet by the Nelson River into Hudson Bay, 
tliere lias gathered on its floor a deep humus, rich in the nitrogenous 
elements so needful for the gro\vth of plants, and it is to this soil that 
the region owes its well-known fertility. 
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The Great Lakes. The basins of the Great Lakes are broad 
preglacial river valleys, warped by movements of the crust still 
in progress, enlarged by the ei’osive action of lubes of the con- 
tinental ice sheets, and blockaded by their drift. The complicated 
glacial and postglacial history of the lakes is recorded in old 
strand lines which have been traced at various heights about 
them, showing their areas, and the levels at wMch their waters 
stood at different times. 

With the retreat of the lobate Wisconsin ice sheet toward 
the north and east, the southern and western ends of the basins 
of the Great Lakes were uncovered first ; and here, between the 
receding ice front and the slopes of land wliich faced it, lakes 
gathered which increased constantly in size. 

The lake which thus came to occupy the western end of the 
Lake Superior basin discharged over the dhide at Duluth down 
the St. Croix Eiver, as an old outlet channel proves ; that which 
held the southern end of the basin of Lake Michigan sent its 
overflow across the divide at Chicago via the Illinois Pdver to 
the Mississippi; the lake which covered the lowlands about the 
western end of Lake Erie discharged its waters at Fort Wayne 
into the Wabash Pdver. 

The ice still blocked the Mohawk and St. Lawrence valleys 
on the east, wliile on the west it had retreated far to the north. 
The lakes become confluent in wide expanses of water, whose 
depths and margins, as shown by their old lake beaches, varied 
at different times with the position of the confining ice and 
with warpings of the land. These vast water bodies, which at 
one or more periods were greater than all the Great Lakes com- 
bined, discharged at various times across the divide at Chicago, 
near Syracuse, New York, down the Mohawk valley, and by a 
channel from Georgian Bay into the Ottawa Pdver. Last of all 
the present outlet by the St. Lawrence was established. 

The beaches of the glacial lakes just mentioned are now far from 
horizontal. That of the lake which occupied the Ontario basin lias an 
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elevation of three Iiundred and sixty -two feet above tide at the west and 
of six hundred and seventy-five feet at the northeast, proving here a 
differential inovenient of the land since glacial times amounting to 
more than three hundred feet. The beaches which mark the succeiive 
heights of these glacial lakes are not parallel ; hence the warping began 
before the Glacial epoch closed. We have already seen that the canting 
of the region is still in progress (p. 198). 

Tfie Champlain subsidence. As the Glacial epoch apjproached 
its end, and the Labrador ice field melted back for the last time 
to near its source, the land on which the ice had lain in eastern 
North x4merica was so depressed that the sea now spread far and 
wide up) the St. Lawrence valley. It joined with Lake Ontario, 
and extending down the Champlain and Hudson valleys, made 
an island of New England and the maritime provinces of Canada. 

The proofs of this subsidence are found in old sea beaches 
and sea-laid clays resting on Wisconsin till. At Mx)ntreal such 
terraces are found six hundred and twenty feet above sea level, 
and along Lake Cliainplain — where the skeleton of a whale 
was once found among them — at from five hundred to four 
hundred feet. The heavy delta which the Mohawk Eiver built 
at its mouth in this arm of the sea now stands something more 
than three hundred feet above sea level. The clays of the Cham- 
p)lain subsidence pass under water near the mouth of the Hud- 
son, and in northern New eJersey they occur two hundred feet 
below tide. In these elevations we have measures of the warp- 
ing of the region since glacial times. 

The western United States in glacial times. The western 
United States was not covered during the Pleistocene by any 
general ice sheet, but all the high ranges were capped with 
permanent snow and nourished valley glaciers, often many times 
the size of the existing glaciers of the Alp>s. In almost every 
valle}’ of the Sierras and the Eockies the records of these van- 
islied ice streams may be found in cirques, glacial troughs, roches 
moutonnees, and morainic deposits. 
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It was during the Glacial epoch that Lakes Bonneville and 
Lahontan (p. 107 ) were established in the Great Basin, whose 
cliinate must then have been inucli more imyist than now. 

The driftless area. In the upper MiSgife^ppi valley there is an area 
of about ten thousand square miles in southwestern Y iseonsin and the 
adjacent parts of Iowa and Minnesota, which escaped the ice invasions. 
The rocks are covered with residual clays, the product of long pre- 
glacial weathering'. The region is an ancient peneplain, uplifted and 
dissected in late Tertiary times, with mature valleys whose gentle 



Fig. 367, A Valley in the Driftless Area 


gradients are unbroken by waterfalls and rapids. Thus the driftless 
area is in strong contrast with the immatxtre drift topograpliy al)out it, 
where lakes and waterfalls are common. It is a bit of pregiacial land- 
scape, showing the condition of the entire region before the Glacial 
epoch. 

The driftless area lay to one side of the main track of both the Kee- 
watin and the Labrador ice fields, and at the north it was protected l>y 
the upland south of Lake Superior, which weakened and retarded the 
movement of the ice. 

South of the driftless area the Mississippi valley was invaded at dif- 
ferent times by ice sheets from the west, — the Kansan and the Iowan, — 
and again by the Illinoian ice sheet from the east. Again and again the 
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Mississippi River Avas pushed to one side or the other of its path. The 
ancient channel which it held along the Illinoian ice front lias been 
traced through southeastern loAva for many miles. 

Benefits of glaciation. Like tlie driftless area, the preglacial 
surface over wliicli the ice advanced seems to have been well 
dissectt^d aftei the late Tertiary uplifts, and to have been carved 
in many places to steep valley slopes and rugged hills. The 
letreathig ice sheets, which left smooth plains and gently rolling 
coiiiitry over the wide belt where glacial deposition exceeded 



Iho. 368. Choss Section of a 

a, t‘f)Uiitry rock : Kansan till ; c, loess; t, terrace of reddish sands and decayed 
pebbles above reach of present stream ; .s, stream ; yp, flood plain of .9. wiiat 
is the of roek-cut valley and of tlie alluvium which partially fills It, com- 
pared Avith that of the Kansan till ? Avith that of the loess ? GIa^ the complete 
history recorded in the section. 

glacial erosion, have made travel and transportation easier than 
they otliertA'ise wuDuld have been. 

The pregiacial subsoils were residual clays and sands, com- 
posed of the insoluble elements of the country rock of the local- 
it;\', Avith some mingiings of its soluble parts still undissolved. 
The glacial subsoils are made of rocks of many kinds, still iin- 
decatx^d and largely groiind to powder. They thus contain an 
inexliaiistible store of the mineral foods of plants, and in a form 
made easily ready for plant use. 

On the preglacial hillsides the humus layer must have been 
comparatively thin, wdiile the broad glacial plains have gathered 
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deep black soils, rich in carbon and nitrogen taken from the 
atmosphere. To these soils and subsoils a large part of the 
wealth and prosperity of the glaciated regions of our eountry 
must be attributed. 

The ice invasions have also added very largely to the water 
power of the country. The rivers which in pregiacial times 
were flowing over graded courses for the most part, were pushed 
from their old valleys and set to flow on higher levels, where 
they have developed waterfalls and rapids. This power will 
probably be fully utilized long before the coal beds of the coun- 
try are exhausted, and will become one of the chief sources of 
the national wealth. 

The Recent epoch. The deposits laid since glacial times 
graduate mto those now forming along the ocean shores, on 
kke beds, and m river valleys. Slow and comparatively slight 
changes, such as the warpiugs of the region of the txreat Lakes, 
have brought about the geographical conditions of the present. 
The physical history of the Recent epoch needs here no special 
mention. 

The Life of the Quateknary 

During the entire Quaternary, invertebrates and plants suf- 
fered little change in species, — so slowly are these ancient and 
comparatively simple organisms modified. The Mammalia, on the 
other hand, have changed much since the beginnhig of (,)uater- 
nary time ; the various species of the present have been evolved, 
and some lines have become extinct. These highly organized 
vertebrates are evidently less stable than are lower types of ani- 
mals, and respond more rapidly to changes in the environment. 

Pleistocene mammals. In the Pleistocene the Mammalia 
reached their culmination both m size and in variety of forms, 
and were superior in both these respects to the numimids of 
to-day. In Pleistocene times in North America there were sev- 
eral species of bison, — one whose widespreading horn.s were 
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ten feet from tip to tip, a gigantic moose elk, a giant' relent 
(Gastoroicles) five feet long, several species of musk >. oxen', ■' 
several species of horses, ~ more akin, however, to zebras tlian- 


Eio. 369. Megatherium 

to the modern horse, — a huge lion, several saber-tooth tigers, 
immense edentates of several genera, and largest of all the 

mastodon and maiiiiiiot]i. 

Ihe hugest of tlie edeiitcites was the ]\Iegct.theTiu 7 n, a clumsy ground 
sloth bigger than a rhinoceros. The bones of the Megatherium are 
extraordinarily massive, — the thigh bone being thrice as thick as tliat 
of an elephant, — and the animal seems to have been well able to get its 


Fio.370. Glyi:)todon ^ 

living liy overthrowing trees and stripping off their leaves. The Ghjp- 
tixion was a mailed edentate, eiglit feet long, resembling the little arma- 
dillo. These edentates survived from Tertiary times, and in the warmer 
stages of the Pleistocene ranged north as far as Ohio and Oregon. 
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The great proboscidians of the Glacial epoch were about the 
size of modern elephants, and somewhat snialler than their 
ancestral species in the Pliocene. The Mastodcm ranged o\'er all 
North America south of Hudson Bay, but had become extinct 
in the Old World at the end of the Tertiary. The elephants 
were represented by the Mammoth, which roamed in immense 
herds from our middle states to Alaska, and from Arctic Asia 
to the Mediterranean and Atlantic. 

It is an oft-told story how about a century ago, near the Lena 
River in Siberia, there was found the body of a niammoth which had 
been safely preserved in ice for thousands of years, how the flesh was 
eaten by dogs and bears, and how the eyes and hoofs and portions 
of the hide were taken with the skeleton to St. Petersburg. Since 
then several other carcasses of the inaminoth, siiiiilarly preserved in 
ice, have been found in the same region, — one as recently as 1901. 
We know from these remains that the animal was clothed in a coat of 
long, coarse hair, with thick brown fur beneath. 

The distribution of animals and plants. The distribution of 
species in the Glacial epoch was far different from tliat of tlie 

present. In the glacial 
stages arctic species 
ranged soiitli into wliat 
are now temperate lati- 
t tides. The walrus 
throve along the shores 
of Virginia and tlie 
musk ox grazed in Iowa 
and Iventucky. In 
Europe tlie reindeer and 
arctic fox reached tlie 
Pyrenees. During the Champlain depression, arctic sladls lived 
along the shore of the arm of the sea which covered the St. 
Lawrence valley. In interglacial times of milder climate tlie 
arctic fauna-flora retreated, and their places were taken Ijy })lants 



Fig. 371. Skull of Musk Ox, from Pleisto- 
cene Deposits, Iowa 
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and animals from the south. Peccaries, now found in Te^cas, 
ranged into Michigan and JSTew York/ while great sloths froni ' 
South America reached the middle states. Interglacial Iieds at 
Toioiito, Gaiiada, contain remains of forests of maple, elm, and 
papaw, with mollusks now living in the Mississippi basm. 

hat changes in the forests of your region would be brought aboiit, 
and in what way, if the climate should very gradually grow colder? 
Y hat changes if it should grow w^armer ? 

^ On^the Alps and the highest summits of the White Mountains of 
New England are found colonies of arctic species of plants and insects. 
How did they come to be thus separated from their home beyond the 
arctic circle by a thousand miles and more of temperate climate 

iiTipossible to cross ? 

Man. Along with the remains of the characteristic animals 
of the time which are now extinct there have been found in 
deposits of the Glacial epoch in the Old 'World relics of Pleisto- 
cene Man, his bones, and articles of his manufacture. In Europe, 
where they have best been studied, human relics occur chiefly 
in peat bogs, in loess, in caverns where man made his home, 
and in high river terraces sometimes eighty and a hundred feet 
above the present flood plains of the streams. 

In order to understand the development of early man, we 
should know that prehistoric peoples are ranked according to 
the materials of which their tools were made and the skill 
shown in their manufacture. There are thus four well-marked 
stages of human culture precedmg the written annals of history : 

4 The Iron stage. 

3 The Bronze stage. 

2 The Neolithic (recent stone) stage. 

1 The Paleolithic (ancient stone) stage. 

In the Neolithic stage the use of the metals had not yet been 
learned, but tools of stone wmre carefully shaped and polished. 

To this stage the North American Indian belonged at the time 
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of the discovery of the continent. In the PaleoHthic stage,, stone 
implements were chipped to rude shapes and left iinpolished. 
This, the lowest state of human culture, has been outgrown 
nearly every savage tribe now on earth. A still earlier stage 
may once liave existed, when man had not learned so much as 

to shape his weapons to his 
needs, but used chance peb- 
bles and rock splinters in 
their natural forms; of such 
a stage, however, we liave no 
evidence. 

Paleolithic man in Europe, 
It was to the Paleolithic 
stage that the eaiiiest men 
belonged whose relics are 
found in Europe. They had 
learned to knock off two- 
edged flakes from flint peb- 
bles, and to work tlieiii into 
simple weapons. The great 
discovery had been made that fire could be kindled and made 
use of, as the charcoal and the stones discolored by Iieat of their 
ancient hearths attest. Caves and shelters beneath owirlianging 
cliffs were their homes or camping places. Paleolitliic man was 
a savage of the lowest type, who lived by hunting the ^vM beasts 
of the time. 

Skeletons found, in certain caves in Eelgiuni arid France represent 
perhaps the eaiiiest race yet found in Europe. These short, broad- 
shouldered men, muscular, with bent knees and stooping gait, low- 
browed and small of brain, were of little intelligence and yet truly 
human. 

The remains of Pleistocene man are naturally found either in 
caverns, where they escaped destruction by the ice sheet.s, or in 
deposits outside the glaciated area. Iir both ca.9e.s it is extremely 


Fig. 372. Paleolithic Implement from 
Great Britain 
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difficult, or quite impossible, to assign the remains to definite 
glacial or interglacial times. Their relative age is best told by 
the faima with they are associated. Thus the oldest 

relics of man are found with the animals of the late Tertiary or 
early Quaternary, such as a species of hippopotamus and an 
elephant more ancient than the mammoth. Later in age are the 
remains found along with the mammoth, cave bear and cave 
hyena, and other animals of glacial time which are now extinct ; 
while more recent still are those associated with the reindeer, - 

which in the last ice invasion roamed widely with the mammoth ;i 

over central Europe. s 

The caves of southern France. These contain the fullest records of 
the race, much like the Eskimos in bodily frame, which lived in western 
Europe at the time of the mammoth and the reindeer. The floors of 
tliese ca\es are covered with a layer of bone fragments, the remains of 



Fig. S73. Paleolithic Sketch on Ivory of the Mammoth 


many meals, and here are found also various articles of handicraft. In 
this way we know that the savages who made these caves their homes 
fished with harpoons of bone, and hunted with spears and darts tipped 
with flint and horn. The larger bones are split for the extraction of 
the marrow. Among these bone fragments no human bones are found ; 
this people, therefore, w^ere not cannibals. Bone needles imply the art 
of sewing, and therefore the iise of clothing, made no doubt of skins; 
while various ornaments, such as necklaces of shells, show how ancient 
is the love of personal adornment. Pottery ■\\’'as not yet invented. 
There is no sign of agriculture. No animals had yet been domesticated ; 
not even man\s earliest friend, the dog. Certain implements, perhaps 
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used as the insignia of office, suggest a rude tribal organization and 
the heginniogs of the state. The remains of funeral feasts in front of 
caverns used as tombs point to a religion and the belief in a life beyond 
the grave. In the caverns of southern France are found also the be- 
ginnings of the arts of painting and of sculpture. With surpris- 
ing skill these Paleolithic men sketched on bits of ivory the niammoth 
with his long hair and huge curved tusks, frescoed tlieir cavern walls 
with pictures of the bison and other animals, and carved reindeer on 
their dagger heads. 

Early man on other continents. Paleolithic flints curiously 
like those of western Europe are found also in many regions of the 

Old World, — in India, 
Eg;ypt, and Asia Minor, 
— beneath the earliest 
vestiges of the civiliza- 
tion of those ancient 
seats, and sometimes as- 
sociated with tlie fauna 
of the Glacial epocli. 

In Java there w'ei’e 
found in 1891, in strata 
early Quaternary or late ’ 
Pliocene in age, parts 


Fig. 374. Restoration of Head of Pithe- 
canthropus e rectus 


of a skeleton of lower grade, if not of greater anti(]uity, than 
any human remains now known. Pitliecmithroims erectus, as 
the creature has been named, ’walked erect, as its tliigh l)one 
shows, but the skull and teeth indicate a close affinity' with 
the ape. 

In NTorth America there have been reported many finds of 
human lelics in valley trains, loess, old river gravels buried 
beneath lava flo\vs, and other deposits of supposed glacial aue : 
but in the opinion of some geologists siiflicient pi-oof of tlie 
existence of man in America in glacial times has not as }'et 
been found. 
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' THE QUATEElSrAKY' :- ' ■ 

These finds in North America have been discredited for various 
reasons. Some were not made by scientific men accustomed to tlie 
closest scrutiny of every detail. Some were reported after a number 
of years, when the circumstances might not be accurately remem- 
bered ; while in a number of instances it seems possible that tlie relics 
might have been Avorked into glacial deposits by natural causes from 
the surface. 


r - 


iiaii, we may believe, witnessed the great ice fields of Europe, 
if not of America, and perhaps appeared on earth under the 
genial climate of preglacial times. Nothing has yet been found 
of the line of man’s supposed descent from the primates of the 
early Tertiary, with the possiljle exception of the Java remains 
just mentioned. The structures of man’s body show that he is 
not descended from any of the existing genera of apes. And 
although lie may not have been exempt from the law of evolu- 
tion, — that method of creation which has made all life on earth 
akin, — yet his appearance was an event which in importance 
ranks witli the advent of life upon the planet, and nia,rks a new 
manifest ation of creative energy upon a higher plane. There 
iiOAV appeared intelligence, reason, a moral nature, and a 
capacity for self-directed progress such as had never been 
before on earth. 

The Recent epoch. The Glacial epoch ends wdth the melting 
of the ice sheets of North America and Europe, and the replace- 
ment of the Pleistocene mammalian fauna by present species. 
lIoAv gTadually the one epoch shades into the other is seen in 
the fact that the glaciers which still linger in Norway and 
Alaska are the lineal descendants or the renewed appearances 
of the ice fields of glacial times. 

Our science cannot foretell whether all traces of the Great 
Ice Age are to disappear, and the earth is to enjoy again the 
genial climate of the Tertiary, or whether the present is an 
interglacial epoch and the northern lands are comparatively 
soon agam to be wrapped in ice. 
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Neolithic man. The wild Paleolithic men vanished from 
Europe with the wild beasts which they hunted, and their place 
was taken by tribes, perhaps from Asia, of a liigiier eiilture. 
The reniaiiis of Neolithic man are found, iniich as are those of 
the North American Indians, upon or near the surface, in burial 
mounds, in shell heaps (the refuse heaps of their settleiiients), 
in peat bogs, caves, recent flood-plain deposits, and in the beds 
of lakes near shore where they sometimes built their dwellings 
upon piles. 

The successive stages in European culture are well displayed in the 
peat bogs of Denmark. The lowest layers contain the polished stone im- 
plements of Neolithic man, along with remains of the Scotch fir. Above 
are oul- trunks with implements of while the higher layers 

hold iron weapons and the remains of a beech forest. 

Neolithic man in Europe had learned to make pottery, to 
spin and weave linen, to hew timbers and build boats, and to 
grow wheat and barley. The dog, horse, ox, sheep, goat, and 
hog had been domesticated, and, as these species are not known 
to have existed before in Europe, it is a fair inference tliat tliey 
were brought by man from anotlier continent of the Old World. 
Neolithic man knew notliing of the art of extracting the metals 
from tlieir ores, nor had he a written language. 

The Neolithic stage of culture passes by insensi]:)le gradations 
into that of the age of bronze, and thus into the Eecent ep)och. 

In the Eecent epoch the progress of man in language, in 
social organization, in the arts of life, in morals and reiigion, 
has left ample records which are for other sciences than ours to 
read; here, therefore, geology gives place to archaeology and 
history. 

Our brief study of the outlines of geology has given ns, it is 
hoped, some great and lasting good. To conceive a past so dilTer- 
ent from the present has stimulated the imagination, and to 
follow the inferences by wdiich the conclusions of our science 
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have been reached lias exercised one of the noblest faculties of 
the mind, — the reason. We have learned to look on nature in 
new ways: every landscape, every pebble now has a meaning 
and tells something of its origin and history, while plants and 
animals have a closer interest since we have traced the long Imes 
of their descent. The narrow horizons of human life have been 
broken through, and we have caught glimpses of that immeas- 
urable reach of time in which nebulae and suns and planets 
run their courses. Moreover, we have learned sonietliing of that 
orderly and world-embracing progress by which the once unin- 
habitable globe has come to be man’s well-appointed home, and 
life appearing in the lowliest forms has steadily developed higher 
and still higher types. Seeing this process enter human history 
and lift our race continually to loftier levels, we find reason to 
believe that the onward, upward nio\nment of the geological 
past is the manifestation of the same wise Power which makes 
for righteousness and good and that this unceasmg purpose will 
still lead on to nobler ends. 


i 

i 




INDEX 



Aa, lava, 241 
Acadian coal Held, 354 
A‘*ecretion hypo thesis, 304 
Acidic rocks, 249 
Adelsberg grotto, 47 
Adiroiidacks, 309, 310 
Africa, 357 

Agassiz, Lake, 07, 111, 435 
Agates, 251 
AJabama, 317, 300 
I Alaska, 85, 138, 140, 378 

* A letsch glacier, 121 

Algte, 51, 52 
Aigonkian era, 300, 310 
Allegheny Mountains, 90, 224 S'^O 
403 ’ ’ 

Alluvial cones, 98 
Alluvium, 02 

Alps, 118, 121, 141, 210, 211 212 
223, 229, 349, 427, 443 ' ’ 

Amazon River, 175 
Ammonites, 294, 367, 380, 382 
Ampliibians, 364, 383 
Amphic^mn, 413 
Amygdules, 250 
Andes,. 230, 279 
Angle of repose, 25 
Antarctic continent, 294 
Antecedent streams, 209 
Antelope, 413 
Anthracite, 281 

Aiuiclinai folds, 203, 209 
Ants, 20 

A Pennine Mountains, 399 
Appalachia, 317, 351, 358 




Appalachian coal field, 356 
Appalachian deformation, 358 
Appalachian AIoiiii tains, 211 014 
218, 292 . • , - , 
Aquifer, 44 
Aragonite, 290 
Archmopteryx, 393 
Archean era, 305 
Arenaceous rocks, 9 
Argillaceous rocks, 9 
Arizona, 32, 75, ]4o, 151, 154, 220 
229, 249, 257, 371, , 390 
Arkansas, 337, 350, 373 
Arkose, 180, 282, 370 
Artesian wells, 44 
Arthropods, 322 
Artiodactyls, 411 
Assiniboine, Mount, 34 
Atlas Mountains, 399 
Atmosphere, 304, 305 
Atolls, 191, 193 
Augite, 274 
Austin, Tex, , 71 
Australia, 190, 357 
Avalanches, 26 

Bad Lands, 397, 398 
Baltic Sea, 170, 171, 199 
Barite, 287 

Barrier Reefs, 191, 192 
Basal conglomerate, 173, 184 
Basalt, 249 
Baselevel, 80, 83 
Basic rocks, 249 
Basin deposits, 103 




452 


THE ELEMENTS OE GEOLOGY 


Bay bars, 164 
Beaclies, 162, 164 
Bears, 413 
Bedding planes, 5 
Belemnites, 382 
Belt Mountains, 309 
Bergsclirund, 121, 135, 137 
Bermudas, 148 
Birds, 392 
Bison, 413 

Bitter Boot Mountains, 272 
Black Hills, 309, 371 
Blastoids, 339 
Blastosphere, 311 
Block mountains, 222, 226 
Blowholes, 159 
Blue Badge, 309, 316 
Bomb, volcanic, 256 
Bonneville, Lake, 107, 438 
Bosses, 270 
Bowlders, erratic, 420 
of weathering, 28 

Brachiopods, 323, 333, 343, 364, 380 

Brazil, 18, 236 

Breccia, 218, 255, 264 

British Columbia, 373, 378 

Bronze stage, 443, 448 

Biyozoans, 333 

Bunker Hill, 422 

Calamites, 361, 367 
Calcareous rocks, 9 
Calciferoiis series, 327 
Calcite, 296 
Caldera, 239 

California, 24, 99, 136, 152, 158, 150, 
170, 197, 224, 256, 262, 287, 357, 
360,371,400 

Great Valley of, 101, 199, 372, 396 
Cambrian x)eriod, 315 
glaciation in, 358 
life of, 319 


Camels, 412 

Canada, 28, 35, 67, 69, 90, 182, 198, 
200,213, 218, 267, 307, .309, 3Hh 
336, 354, 357, 432, 437 • 

Cape Breton Island, 198 
Cape Cod, 152 
Carbonated springs, 261 
Carbonates, formation of, 12 
Carboniferous period, 350 
life of, 361 
Carnivores, 413 
Cascade Mountains, 90, 400 
Cats, 413 

Catskill Mountains, 342 
Caucasus Mountains, 399 
Caverns, 45, 241 
Cenozoic era, 394 
Centipedes, 333 

Cephalopods, 324, 333, 339, 344, 367, 
380 

Ceratites, 380 
Ceratosaiirus, 385 
Chain coral, 339, 343 
Chalcopyrite, 287 
Chalk, i 374, 375 
Chalybeate springs, 52 
Champlain subsidence, 437 
Charleston earthquake, 233 
Chazy series, 327 
Chelan, Lake, 141 
Chemung series, 341, 342 
Chesapeake Bay, 160, 170, 197 
Chicago, 146, 198, 436 
Chile, 235 
China, 28, 151 
Christmas Island, 194, 248 
Cincinnati anticline, 329, 350 
Cirques, 135 
Clinton series, 335 
Coal, 352, 370, 375 
Coal Measures, 351 : 

Coast Bange, 101, 372, 309 



Coastal plain, Atlantic, 183 
Cfclenterates, 3-JO 
Coke, 271 

Colorado, 18, 20, 3S^ S7 1 
200, 271, 834 

Coioi'ado plateaus, 8o7^ 408 
Colorado Kiver, 80, 7r> ]4o 1 


Cumberland plateau, 90 

Cup corals, 388 

Cycads, 377, 878 

Cycle of erosion, 84, 185, 292 

Cystoids, 321, 832, 807 


Dalmatia, 170 

Darwin’s theory of coral reefs, 191 
Dead Sea, 221, 270 
Death Gulch, 264 
Deep-sea deposits, 187 
Deer, 418 
Deliation, 152 
Deformation, 279 
Delaware Iliver, 197, 408 
Deltas, 108, 111, 197 
of Ganges, 109 
of Indus, 110 
of Mississippi, 100, 197 
Denudation, 57 
Denver, 398 
Desert, 15, 55 
Devitrification, 257 
Devonian period, 316, 841 
Dicotyls, 877, 404 
Digitigrade, 406 
Dikes, 244, 205 
Dinosaurs, 885 
Dinothere, 410 
Diorite, 274 
Dip, 202 
Dip fault, 225 
Diplodocus, 286 
Dipnoans, 846 
Discina, 824 

Dismal Swamp, 100 

Dogs, 418 
Dragon flies, 864 
Drift, 18, 113, 410 
bowlders of, 420 
englaeial, 125 
extent of, 425 


Columbia lavas, 400 
Columnar structure, 258 
Concretions, 4t) 

Cones, alluvial, 98 
volcanic, 257 
Ccmglonierate, 9, 178 
C^ongo River, 175 
Conifers, 377 
Connecticut, 870 

valley, 403 

C'ojiteiuporaneous lava sheets, 


CVnitinental delta, 175, 18 
Continental shelf. 183 
(.'onthients, 188 
Contours, 09 
Copper, 287, 310 
Coquina, 177 
Coral reefs, 188 
Corals, aneieiit, 321, 382 ; 
Cordaites, 808 
Cordilleran ice field, 425 
Corniferous series, 841 
Coves, 161 
Cral>s, 879 

Crandall volcano, 263, 400 
C^i-ater Lake, 259 
Creodonts, 418 
Cretaceous period, 372 
Crinoids, 882, 868, 379 
Crocodih‘s, 884 
Cross bedding, 65, 182 
Crustacea, 822, 382, 868 87 
Cb’ustal movements, 195 



THE' ELEMENTS OF GEOLOGY 


Drift, pebbles of, 114, 420 
stratified, 423 
thickness of, 429 
Driftless area, 438 
Drowned valleys, 197 
Drumlins, 421 
Duluth, 430 
Dunes, 147 
Dust falls, 145 


Fault scarps, 219 
Faults, 217 
Faunas, 299 
Feldspar, 9, 10, 42 
Ferns, 361 
Finger lakes, 432 
Fire clay, 353 
Fishes, 334, 339, 345, , 
Fissure eruptions, 242 
Fissure springs, 44 
Fjords, 139, 142 
Flint, 18, 375 
Flood plains, 85, 93 
Floods, 54 
Floras, 299 

Florida, 46, 163, 177, 1 
Flow lines, 252 
Fluorite, 287 
Folded mountains, 210 
Folds, 201, 208 
Foliation, 283 
Foraininifera, 187, 374 
F orests, Carboniferous, 
Cretaceous, 377, 378 
Devonian, 343 
Tertiary, 404 
Fort Wayne, 436 
Fossils, 177, 296 
Fractures, 215 
Fragmental rocks, 8 
France, 167, 171 
cave men of, 445 
Fringing reefs, 190 
Frogs, 383 
Frost, 15 

Fiindy, Bay of, 182 


Earth, age of, 292, 298, 302 
interior of, 270 
Earthquakes, 224, 233 
causes of, 233, 237 
Charleston, 233 
distribution of, 236 
geological efiects of, 234 
India, 235 
Japan, 237 
New Madrid, 236 
Earthworms, 20, 21 
Echinoderms, 321, 332, 333, 343, 
363 

Edentates, 441 
Egypt, 93 
Electric Peak, 269 
Elephants, 410 
Elevation, effects of, 85 
movements of, 197 
Eocene epoch, 395 
Epicontinental seas, 318 
Erratics, 133, 420 
Eskers, 424 
Etna, 248, 402 

Europe, Pleistocene ice sheet of. 


Eurypterids, 333, 339, 
Evolution, 300, 447 


Gabbro, 274 
Ganges, 58, 109, 191 
Ganoids, 347 
Gan let, 281 
Gases, volcanic, 244 


Faceted pebbles, 113, 114, 420 
Falls of the Ohio, 343 
Fan folds, 205 


INDEX 


IllpWii 



I 





Gastropods, 824 
G astral a, 311 


Geneva, Lake, 71 
Geodes, 44 

Geological time, divisions of, 20;5 
Geology, delim’tion of, 1, 3 
departments of, 4 
Georgia, 18, 373 ’ 

Geysers, 52, 260 
Glacial epocli, 142, 416 
Glaciers, 113 
abrasion by, 133 
Alpine, 118 

compared with rivers, 137, 142 
crevasses of, 123 
deposition by, 138 
Greenland, 116 
lower limit of, 120 
melting of, 126 ' 

mode of formation, 118 
moraines, 124 
motion of, 120, 122, 134 
piedmont, 131, 141 ' 
plucking by, 133 
tables, ISO 

transportation by, 132 
troiiglis, 137 
wells, 120 

young and mature, 120 
Glauconite, 176 
Globigerina ooze, 187 
Glyptodon, 441 
Gneiss, 283 
Goats, 413 
Gold, 287, 372 

Goniatite, 344, 367 
Graded slopes, 25 
Granite, 0, 274 
G rapid te, 312 
Graptolitos, 320, 330 
Gravitation, 22 

Great Basin, 357, 360, 374, 375 


Great Lakes, 108, 436 

Great Plains, 82 
Great Salt Lake, 107 
Greenland, 115, 126, 378 
Green Mountains, 309, 316 420 
Green sand, 176 
Ground water, SO 
Ground water surface, 40 
Gryph^ea, 379 
Gymnosperms, 363, 377 
Gypsum, 12, 335, 357, 371 


Hade, 217 

Hamilton series, 341 
Hanging valley, 139 
Hanging wall, 217 
Hartz Mountains, 214 
Hawaiian volcanoes, 238 248 
279 ’ ’ ’ 

Heat and cold, 13 
Helderberg series, 341 
Hematite, 310 
Henry Mountains, 271, 375 
High Plains, 100, 398 ' 

Hillers Mountain, 271 
Himalaya Mountains, 122 200 <^>10 
399 

Historical geology, 4, 201 
Honeycomb corals, 339 
Hood, Mount, 260, 262 
Hooks, 165 
Hornblende, 274 
Hornblende schist, 284 
Hudson Bay, 90, 170 
Hudson River, 197, 493 
Hudson series, 327, 329 
Humus acids, 10 
Humus layer, 10 
Huronian systems, 308 
Hwang-ho River, 151 
Hydrosphere, 22 
Hydrozoa, 320 




456 


THE ELEMENTS (JF GEOLOGY 


I '4 







Iceberg'S, 116, 143 
Iceland, 242, 258 
Ichthyosaurus, 389 
Idaho, 34, 400 

Igneous rocks, 9, 249, 250, 251, 273 
lilinoian formation, 429 
Illinois, 54, 146, 356, 374 
India, 28, 102, 147, 235, 357, 402 
Indian Territory, 356 
Indiana, 48, 104 
Indo-gangetic plain, 101 
Indus River, 101, 110 
Insects, 333, 364, 380 
Interior of earth, 276 
Internal geological agencies, 195 
Intnisiye masses, 270 
Intrusive rocks, 273 
Intrusive sheets, 268 
Inverness earthquake, 236 
Iowa, 29, 69, 73, 80, 86, 336, 356, 
374, 431, 433, 439, 442 
lowuui formation, 429 
Iron ores, 13, 53, 279, 310 
Islands, coral, 188 
wave cut, 159, 161 

Japan, 223, 224, 237 
Joints, 5, 31, 216 
Jordan valley, 279 
Jura Mountains, 141, 212 
Jurassic period, 369 

Kame terraces, 424 

Karnes, 424 

Kansan formation, 429 

Kansas, 41, 50, 100, 336, 357, 373, 

, 374, 429 
Kaolin, 12 
Karst, 47 

Katahdin, Mount, 420 
Keewatin ice field, 425 
Kentucky, 45, 46, 343, 442 


Keweenawan system, 308, 310 
Kilauea, 239 

Kings River Canyon, 403 
Krakatoa, 245 

Labrador, 198 
Labrador ice field, 426 
Laccolith, 271 
Lagoon, 165, 167 
Lahontan, Lake, 107, 438 
Lake Chelan, 141 
Lake dwellings, 448 
Lake Geneva, 71 

Lake Superior region, 284, 308, 310 
Lakes, 70, 222, 432 
basins, 07, 110, 127, 139, 141, 164, 
165, 167, 101, 221, 222, 235, i^oO, 
423, 432, 435 
deposits, 104 

glacial, 127, 130, 141, 423, 432, 435 
Pleistocene, 435:, 
salt, 106 
Laniiiun, 5 
Landslides, 26, 234 
Lapilli, 255 
Lai-amie series, 375 
Laureutian peneplain, 84, 308, 432 
Lava, 238, 241 
Lava domes, 243, 400 
Lepidodendron, 362, 367 
Lichens, 16 
Lignite, 271 

Limestone, 7, 177, 178, 100 
Liinonite, 13 
Lingulella, 324 
Litliosphere, 21 
Lizards, 384 
Llamas, 412 
Loess, 150, 433 
Long Island, 373 
Louisiana, 336, 396 
Lower Silurian period, 327 


IJ^DEX 


4ST 





Luray Cavern, 48 
Ey copods, 30:i3 

- Magnetite, 279, 810 
Blaine, ^ 100 , 420 
-Malaspina glacier, 131 
l^la,]dive Arclii 2 )olago, 193 
Mammals, 303, 405, 440 
^lammotli, 442 
Mammoth Cave, 40 
Mammoth Hot Springs 52 
Man, 414, 443 
Mantle of waste, 17 
Marble, 284, 329 
Marengo Cavern, 48 
Marl, 104 

Mamipials, 393, 400 
Martha’s Vineyard, 101 , 373 395 
Maryland, 56, 270 
Massachusetts, 106 , 162 , 257 , 309 
403, 417, 429 ’ 

Mastodon, 410, 441, 442 
Matte rlioni, 34 
Maturity of land forms, 80 
Manna Loa, 239 
JMeanders, 96 
Medina series, 335, 403 
Megatherium, 441 
l^lendota, Lake, 71 
Mesa, 31, 32, 153 
l\fesozoic era, 369 
ldosoz(jic peneplain, 376, 403 
l^Feta morph ism, 281 
^iexico, 373, 375 
Mica, 0 

IMica schist, *284 
.Michigan, 104, 356, 443 
i^Iichigan, Lake, 149, 198 
Mineral veins, 49, 286 
.Minnesota, 97, 426 
Pliocene series, 395 

Mississippi, 337 


Mississippi embayment,373, 374 3 <i 5 

Mississippi River, 56, 57, 82 94 ’ 

109 ’ ’ ’ 

Mississippian series, 350 
Missouri, 18, 236 
Missouri River, 55 , 97 
Mobile Ray, 197 
Mohawk valley, 436 437 

Molluscous shell deposits 177 

Mollusks, 324 ’ 

Mouadnock, 83 
Monkeys, 414 

Monoclinal fold, 204 

Monocotyls, 377, 404 
Monotremes, 393, 406 
Montana, 71, 309, 313, 373 
Montreal, 268, 437 
Monuments, 33 
Moraines, 124 
Mosasaurs, 390 
Mountain sheep, 413 
Mountains, age of, 229 
life history of, 212 , 215 
origin of, 90, 210, 222 

sculpture of, 33, 137 
Movements of crust, 195 
Muir glacier, 122 , 129 

Nantucket, 373 

Naples, 201 
Narragaiisett Bay, 197 
Natural bridges, 46 
Natural gas, 330 
Natural levees, 93 
Nautilus, 334 

Nebraska, 50, 82, 100 , 255, 356 
Nebular hypothesis, 304 
Neolithic man, 443, 448 
Nevada, 104, 107, 222 , 288, 289 360 
400 ’ 

N^v^, 120 

New Brunswick, 1 98 




458 


THE. ELEMENTS ' OF GEOLOGY 


New England, 88, 373, 376, 378, 395, 
403,429,432,4^37 
Newfoundland, 198 
New Jersey, 148, 166, 168, 176, 196, 
268, 269, 309, 310, 373, 437 
New Madrid earthquake, 236 
New Mexico, 31, 371, 399 
New York, 60, 90, 309, 327, 329, 335, 
336, 360, 421, 422, 423, 424, 432 
443 

Niagara Falls, 60, 199 
Niagara series, 335 
Nile, 93, 109, 197 
Normal fault, 217 
North Carolina, 106 
North Dakota, 67 
North Sea, 170 
Notochord, 347 
Nova Scotia, 198 
Nunatak, 116, 132 

Ohio, 82, 198, 329, 335, 441 
Ohio River, 55, 82 
Oil, 330 

Olenellus zone, 323 
Olivine, 274 
Oolitic limestone, 178 
Ooze, deep-sea, 131 
Ordovician period, 316, 327 
life of, 331 

Oregon, 222, 262, 400 
Oreodon, 412 
Ores, 287, 290 
Organisms, work of, 16 
Oriskany series, 341 
Ornithostoma, 392 
Orthoceras, 325, 367, 380 
Oscillations, 196 
a cause of, 273 
effect on drainage, 85 
Ostracoderms, 344 
Ottawa River, 90 


Outcrop, 2 
Outliers, 31 
Outwash plains, 425 
Oxidation, 13 
Oyster, 379, 380 

Fahoehoe lava, 241 
Faheospondylus, 344 
Paleolithic man, 444 
Paleozoic era, 315 

Palisades of Hudson, 268 

' Palms, 377 
Pamir, 15 
Peat, 94, 104 
Peccaries, 412 
Pelecypods, 324 
PeRe, Mt., 246 
Peneplain, 83 
dissected, 86 
Laurentian, 89, 308, 402 
Mesozoic, 376, 403 
I’ennsylvania, 36, 211, 267, 867, 369. 

403 ’ . 

Pennsylvanian series, 350, 351 

Perissodactyl, 408 
Perlitic structure, 252 
Permian series, 350, 357, 360, 366 
Petrifaction, 296 
Petroleum, 330, 343 
Phenacodus, 406 
. Phyllite, 283 
Phyllopod, 323 

Piedmont Belt, 87, 214, 309, 374 
Piedmont plains, 99 
Pikes Peak, 18 
Pithecanthrop us erect us, 446 
Placers, 287 

Plains of marine abrasion, 172 
•Planation, 81 ’ 

Plantigrade, 406 
Platte River, 82 
Playa, 103 
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Saguenay River, 9( 
Sahara, le5, 146, 16 
St. Elias Range, 39i 
St, Peter sandstone, 
Salamanders, 383 
Salina series, 335 


Rhone glacier, 123 
Ehyolite, 24.9 

Richmond, Va., 370 
Rift valleys, 221 
Ripple marks, 180 
Rivers, 54 
bars, 65 

braided channels, 94 
deltas, 108 
deposition, 62 
discharge, 65 
erosion, 59 
estuaries, 85 
flood plains, 93 
floods, 54 
graded, 74 
gradients, 82 
load of, 56 

mature, 72, 80, 97, 98 
meanders, 96 
plains, 99 
profile of, 73 
revived, 85 
run-off, 54 

structure of deposits, 102 
tezTaces, 96 
transportation, 66, 64 
waterfalls, 78 
young, 67 

Roches moutonn^es, 134, 4i8 
Rock bench, 156 
Rock salt, 12, 357, 371 
Rocky Mountains, 375, 39!), 437 
Ruminants, 412 


Rlaya lakes, 104 
Pleistocene epoch, 416 
Plesiosaurus, 389, 390 
Pliocene epoch, 395 
Plucking, 133 
Po River, 58, 197 
Pocono sandstone, 350, 404 
Porosity of rocks, 40 
®'l"orpliyritic structure, 252 
Potholes, 59 

Potomac River, 58, 66, 403 
Predentata, 386 
Pre-Kansan formation, 429 
Primates, 414 
Prince Edward Island, 198 
Ih'oboscidians, 410, 441, 442 
Pteropods, 325 
Ptei’osaurs, 391 
Puget Sound, 396 
Pumice, 250 
I'yrite, 13 


(piarry water, 15 
Quai’te, 6, 9 
Quartz schist, 284 
(piaternary ])eriod, 395, 416 
Quebec, 28 

Rain, erosion, 23 
Rain prints, 181 
Recent epoch, 416, 440, 447 
Reconcentration of ores, 289 
Record, the geological, 291 
Red clay, 187 

Red River of the North, 67 
Red Sea, 221 
Red snow, 115 
Reefs, coral, 188 
Regional intrusions, 272 
Reptiles, 367, 383 
Rhinoceros, 408 
Rhizocarp, 343 
Rhode Island, 35(> 
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Salt, common, 106, 335 
Salt lakes, 106 
San Francisco Bay, 197 
Sand, beach, 163 
of deserts, 140 
reefs, 165, 167 
storms, 145 
Sandstone, 6, 7, 186 
Sarcoui, 258 
Sauropoda, 386 
Schist, 283 
Scliladebach, 277 
Scoria, 250, 255 
Scorpions, 330, 340, 363 
Scotland, 170, 220, 402 
Sea, 155 
erosion, 156 
deposition, 174 
transportation, 162 
Sea arch, 159 
Sea cave, 158 
Sea clilf, 156, 157 
Sea cucumber, 363 
Seals, 414 
Sea stacks, 160 
Sea urchin, 332, 379 
Seaweed, 176 
Sedimentary rocks, 8, 9 
Selkirk Mountains, 218 
Septa, 338 
Sequoia, 378 
Shale, 8, 9’ 

Sharks, 34 o, 405 
Shasta, Mount, 262, 400 
Sheep, 413 

Shenandoah valley, 403 
Shores of elevation, 167 

Shores of depression, 169 
Siderite, 53 

Sierra Nevada Mountains, 24,. 90, 99, 
224, 229, 272, 287, 318, 357, 37 F 
372, 306, 398, 399, 402, 437 


Sigillaria, 362, 367 
Silica, 6, 178 
Silurian period, 316, 334 
life of, .338 * 

Sink hole, 46 
Slate, 207, 282 
Slaty cleavage, 207 
Slickensides, 217 
Snake River lavas, 400, 401 
Snakes, 384, 405 
Soil, 19 
Solfatara, 260 
Solution, 11 
Soufriere, 246 
South xVmerica, 357 
South Carolina, 233 
South Dakota, 276, 374, 397 
Spanish Peaks, 271, 376 
Spherulites, 252 
Spiders, 363 
Spitzbergen, 378 
Sponges, 320, 379 
Springs, 41 
tiierinal, 50 
StalaiUife, 48 
Stalagmite, 48 
Starfislies, 332 
Staubbach, 140 
Stegosaurus, 387 
Stoss side, 134 
Stratitication, 5, (14, 180 
Striic, glacial, 114, 133, 418 
Strike, 203 
Strike fault, 225 
Stromatopum, 331, 370 
Stromboli, 244 
Subsideuce, 85, 183, PJ7 
Sun cracks, 180 
Superior, Lake, 257 
Superposition, law (d‘, 2‘03 
Susquehanna River, 403 
Sutlej River, 209 
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Sweden, 199 

►^wiiie, 412 

Switzerland, S 
,S.yenite,; 274 
Synclinal fold, 
Syracuse, Ay Y 

Sjrinp’ODorn, 


Tabula*, 33 
Taconie de: 
Taeonie ^Ic 
- Talc, 284 
Talc scliist, 
Talus, .23 
Tapir, 400 
Teleost flshe, 
Tennessee, 0 i 
ieniiinal mo 
Terraces, 86, 
Tertiary nei'i, 


roi’mation, 

'■>antains,4 


^Talrus, 414 
7 ^ ^Tarped valleys, 

^"^Tirpina j9g 

^’^^asatcli Mounta 
a-slniio-ton, 18 , < 

''Waterfalls, 59, 7 ^ 
^Taves, 156 
'Weathering', 5 
chemical, 10 
fhfferential, 20 
aie chain' cal 13 
'Wells, 41 ’ 

artesian, 44 
'West Wii^fjd.^ 79 ^ , 
" hite Mountains 4 
"^ind, 144 
deposition, 147 
erosion, I51 
pebbles carved by, 

transportation, 14; 
"Wisconsin, 15 , 18 , 70 
426 

'Wtseonsin formation 

Wyoming:, 50. 08 87 1 


-themmoipiis^ 383 
TliroA^^, 217 
*• IhiTist faults, 217 
Till, 418 

Jdl plains, 420 , 

^ .Toronto, 443 
Ti’achyte, 249, 258 
Travertine, 52 
. inenton series, 327 
Tnassie period, 369 
Ihiceratops, 387 
Triloliites, 322, 332 
Tuff, 255 
Turkestan, 103 
Turtles. 384 


-niformity 2 ‘>‘ 
^'I’tow, 174 


St series, 3: 
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Yahtse River, 131 

Yellow Sea, lol, 170 
Y ellowstoiie canyon, 74 
YelloAvstone National Park, 50, 51, 
52, 260, 261, 263, 269, 400 
Yosemite, 403 


5ieugIoclon, 414 

Zone of cementation, 49, 180 

Zone of solution, 45 

Zones of Ilow and of fracture, 207 



announcements 



liiiil 




- ' 

• :j£-rV&vV 


Yahtse B; 
Yellow Se 
Yellowsto 
Yellowstoi 
52 , ' 26 ' 
Yosemite, 



TEXT-BOOKS ON SCIENCE 

for higher schools and colleges 

Bergen’s Elements of Botany. fRevised ^ 

Bergen’s Foundations of Botany ^ Si S 

lilaisdel s Life and Health ^ 

blaisdeil s Practical Physiology go 

Davis’ EjenimtarCMe^Mrology!*™^ 

: : : : : ; : ; ; ; ; 

Analysis '4 i 

• • • •’ : ; : it: : 

T : : -2 I 
; : : ■ • ■ • • : : : : : I, 

.• i: 

Phy-ica'i Measurements t.3 

myderand Palmer’s^Jne nrasSd • 4 't 

^tone’s Exoarinv-nr,! Problems in Physics ■» 


(Reyised Edition) 


GINN & COMPANY Publish 


Davis' Elementary Physical Geography 


By WILLIAM MORRIS DAVIS 
Author of Dami Physical Geography'' and Prefessor of Geology m 
Haf'vard University 

Cloth. ■ viii + 401 pages + 6 color charts + i6 pages of maps. . 
Illustrated. List price, $1.25. 


HE “ Elementary Physical Geography’' is a new book 
by Professor W. M. Davis, the first authority in the 
United States in the field of physical geogTaphy. It 
retains the characteristic features of the author's 
earlier work, ‘‘ Physical Geography,” but is much less difficult 
and is admirably adapted for use with younger pupils. 

The plan of this volume, like that of its predecessor, is to give 
the problems of ph3^sical geography a rational treatment. The 
object of this method is not simpl)" to explain ph}’siograp]iic 
facts, but to increase the appreciation of the facts them.selves by 
associating them with their causes and their consequences. This 
relation is not presented merely as an afterthought in a detached 
chapter at the end of the book ; it accompanies the presentation 
of the facts themselves. 

The chapter on the Atmosphere has been considerably expanded, 
and an entirely new chapter has been added on the Distribution 
of Plants, Animals, and Man, considered from a physiograplnc 
standpoint The questions at the end of each chapter, prepared 
by an experienced high-school teacher, will be found most useful * 
in class-room work with this book. 

Especially notable are the illustrations, which include nearly 
two hundred splendid woodcuts, five pages of charts in color, and 
nineteen full-page half-tone plates from rare photographs. 

The Nation, July 3, 1902 : Taken all in all, this seems the most satisfactory 
elementary text-book in physical geography yet published. Certainly in its 
treatment of the land it has not been surpassed unless, perhaps, by the author’s 

larger work [“ Physical Geography ” ]* 
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GEOGRAPHIC INFLUENCES IN 
AMERICAN HISTORY 


By ALBERT PERRY BRIGHAM 
Professor of Geology, in Colgate University. i2nno. Cloth. 366 pages. 
Illustrated. List price, #1.25 ; mailing price, ^1.40 

I N this new book Professor Brigham has presented 
vividly and clearly those physiographic features 
of America which have been important in guiding 
the unfolding of our industrial and national life. The 
arrangement is mainly geographical. Among the 
themes receiving special treatment are: The Eastern 
Gateway of the United States, the Appalachian Bar- 
rier, the Great Lakes and American Commerce, the 
Chdl War, and Mines and Mountain Life. Closing 
chapters deal with the unity and diversity of Ameri- 
can life and with physiography as affecting American 
destiny. 

The book will be found particularly interesting and 
valuable to students and teachers of geography and 
history, but it will also appeal to the general reader. 
The very large number of rare and attractive photo- 
graphs and the numerous maps are of importance in 
vivifying and explaining the text. 



The best exami^^inithis couBfcry of the kind of books that 
geography needs. -—The Nation 


THE 

LAKES OF NORTH AMERICA 

By ISRAEL C. RUSSELL 
Professor of Geology in the University of Michigan 
8vo, Cloth. xi + 125 pages. Illustrated. 

R ecent advances have made physical geography almost a new 
science- Professor Russell here presents a single phase, but one 
of great importance. The work is based upon his original 
investigations, and is at once thoroughly scientific in substance and 
enjoyably popular in style. 

As a text-book or reading book for students in geography and 
geology the “ Lakes of North America ” possesses a unique value. Its 
interest to the general reader is enhanced by its illustrations and its 
happy descriptions of lake scenery. 


GLACIERS OF NORTH AMERICA 

By ISRAEL C. RUSSELL, Professor of Geology in tlie University of Miclilgan 
Author of “ Lakes of North America ” 

Svo. Cloth. X 4- a 10 pages. Illustrated. 

R ecent explorations have shown that North America contains 
thousands of glaciers, some of which are not only vastly larger 
than any in Europe, but belong to types of ice bodies not there 
represented. In the study of the glaciers of North America, and 
especially of those in Alaska, Professor Russell has taken an active, 
part ; and this book not only presents the results of his own explora- " 
tions but also a condensed and accurate statement of the present staluT* 
of glacial investigations. Its popular character and numerous illustrations 
will make it of interest to the general reader. 
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